www.mtg.in | March 2014 | < 30 


ias #\, 
"m Й тунт E Е 
MAIN & ADVANCED 


GEM ISTRY. 
Giu 6 day, 


SUDEMMU | SQ | 
Cor nay a u - 
z^ Chemistry 
Musing 
“ы Ў YOU ASKED 
CORNER 458 9% WE ANSWERED 


# Mel Concent 
AIMS NEST 


Assertion & Reason ^w 


СНЕМ1$ТКҮ 


Vol. XXIII 


Corporate Office : 
Plot 99, Sector 44 Institutional area, 


Gurgaon -122 003 (HR). Tel :0124-4951200 
e-mail : info@mtg.in website : www.mtg.in 


Regd. Office 


406, Taj Apartment, Near Safdarjung Hospital, 


Ring Road, New Delhi - 110029. 


Managing Editor 
Editor 


Chemistry Musing Problem Set 8 


JEE Main 
Practice Paper 2014 


AIPMT Special 
Practice Paper 2014 


Competition Corner 
You Asked, We Answered 


JEE Foundation Series : 
Principles Related to 
Practical Chemistry 


NCERT Corner Class ХІ-ХІІ 


CBSE Board 
Sample Paper 2014 


JEE Advanced 
Practice Paper 2014 


Chemistry Musing Solution Set 7 


AIIMS Special 
Assertion & Reason 


Concept Booster 


tQ 


Mahabir Singh 
Anil Ahlawat (BE, MBA) 


day 


March 2014 


4 
УА 


14 


21 
26 
27 


48 


57 


67 


76 
78 


84 


Owned, Printed and Published Бу Mahabir Singh from 406, Taj Apartment, 
New Delhi - 29 and printed by Personal Graphics and Advertisers (P) Lid., Окна 
Industrial Arca, Phase-Il, New Delhi. Readers are adviced to make appropriate thorough 
enquiries before acting upon any advertisements published in this magazine, Focus Infocus 
features are marketing incentives MTG does not vouch or subscribe to the claims and 
representations made by advertisers. АП disputes are subject to Delhi juridiction only. 
Editor: Anil Ahlawat 

Copyright© MTG Learning Media (P) Lid. 

AI rights reserved. Reproduction in any form is prohibited. 


edit O па! 


Advances in Research in Medicine 


wW: are back to Ayurveda. At least for postgraduate classes in Ayurveda, 
we have to use and compete with other systems, instrumental 
analysis to back up our conclusions. 


Recently Dr Nita Forouhi and her group of scientists have found that people 
with risk of type 2 diabetes can reduce the risk by 28% by taking a lot of 
Yogurt (curd). 

This work is from the Medical Research Council at the University of 
Cambridge. Apart from Yogurt, even low fat cheese also reduces the risk 
though it is not as effective as Yogurt. For most of the problems, Ayurveda 
advises only buttermilk and that too dilute and warm. The medicines given 
are not the same for the same problem for all. The characteristic of the 
person is divided into three and the medicine given according to a person. 
To treat the patient and not the disease is also the slogan in the latest 
Cancer Research. With advances in medical research, Professor Fabrice 
Andre" of the Institute Gustave Roussy in Paris has conducted studies on 
18 cancer centres in France. Analysis of biopsy samples including at least 
fifty percent cancer tumour cells were from 407 patients. Studies were to 
observe the alterations in the genome due to cancer. The idea of precision 
medicine is to take samples of someone's tumour, then find out the 
particular molecular faults that are driving it and then give them the right 
targeted treatment. Complications like cancer cells developing resistance to 
targeted drug treatments will have to be overcome. Even a few steps in the 
right direction is for a great purpose. 


Our congratulations for their great work and we wish them all success. 


Anil Ahlawat 
Editor 
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MUSING 


hemistry Musing was started from August '13 issue of Chemistry Today with the suggestion of Shri Mahabir Singh. The aim 
of Chemistry Musing is to augment the chances of bright students preparing for JEE (Main and Advanced) / AIPMT / AIIMS / 
Other PMTs & PETs with additional study material. 

In every issue of Chemistry Today, 10 challenging problems are proposed in various topics of JEE (Main and Advanced) / AIPMT. 
The detailed solutions of these problems will be published in next issue of Chemistry Today. 

The readers who have solved five or more problems may send their solutions. The names of those who send atleast five correct 
solutions will be published in the next issue. 

We hope that our readers will enrich their problem solving skills through “Chemistry Musing" and stand in better stead while 
facing the competitive exams. 


PROBLEM | 


Set 8 
JEE MAIN/PM to 2 L. The final temperature in kelvin would be 
1. А mixture of ethane and ethene occupies (a) ат (b T+ 2 
40 L at 1.00 atm and 400 K. The mixture reacts y 3 х 0.0821 
completely with 130 g of О; to produce СО; and () T (d) T- 2 
H,O. Assuming ideal gas behaviour, the mole 3 x 0.0821 
fractions of ethane and ethene in mixture are | 5. If the emf of the cell 
respectively ZnlZn^(0.1 M) I Fe"(0.01 M)IFe 
(a) 0.66, 0.34 (b) 0.34, 0.66 is 0.2905 V, then equilibrium constant for the cell 
(с) 0.53, 0.47 (d) 0.47, 0.53 ос 
2. Increasing order of bond strengths of the following (a) 1003200501 (b) 1093200295 
species are (c) 1002600295 (d) 032/02» 
Ci, О, Bez C, OF, С; JEE ADVANCED 
(а) С}<С›<С;< OF < Of'« Be; 
(b) Ве,<02 « C; « C; «Ci «O7* 6. In the following reaction sequence : 
(c) Bej«Of«Ci«C,«C; <03 Na,CO; д> УЗ» y Hemels, ys 7 
р. 


(d) O£'«C; «C;«Ci «Of < Ве, 


3. In the following conversion : 


W, X, Y and Z are respectively 


Pi т Solution Senders of Chemistry Musing 
cH tc, Xs cH Gch, 
-Y5 cH,—CH=CH, {1._ Ayaz Ahmed, Dhanbad (Jharkhand) 
identify X = Y. Y Janmay Biswas, Kolkata (West Bengal) 
(а) K3Cr,0,/H,SO, Dil - NaOH . АУМ Prasad, Guwahati (Assam) 
(b) LiAIH, Dil - HCl .  Soumalya Pradhan, Midnapore (Paschim Medinipur) 
(c) Zn-Hg, НСІ Conc. H5SO,, A А 
(d) NaBH, СНОН Conc. HjSO,, A Vikash Raj, Dhanbad (Jharkhand) 
4. When one mole of a monoatomic ideal gas at SET 6 
T K undergoes adiabatic change under a constant 1. Nesa Mirza, Kolkata (West Bengal) 


external pressure of 1 atm, volume changes from 1 L 
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The answer is practice. 


Vidit Panchal says 

“This is an excellent book...actually the reason for my success in NEET and other PMTs 
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if you can do 9096 of a chapter's MCQs of this book within an hour, NEET will look like a 
cakewalk! MTG has proved that they are still the best in publishing market even after 30 
years. 
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(а) NaSO; NaHSO;, Ма.54Ок, Na;S,O; 8. An alkene (Z) is 


(b) Na;S;O,, NaHSO,, Na;SO;, Na;SjO; (а) CH;CH = CHCH; 

(c) NaHSO;, Na;SO;, NaxS;03, Na;S4O; (b) (CH; = CHCOOH 

(d) NaHSOy, Na;SO;, NajS;O;, Na;S,O; (© CH.CH,CH = CHCOOH 
COMPREHENSION (d) (СНУ = CH; 


An organic compound (A) having molecular formula INTEGER VALUE 


С5Н 00» on reaction with Br; in the presence of 
phosphorus gives (X). Compound (X) has an 
asymmetric carbon atom and on dehydrobromination TUNE NUT: 
gives another compound (Y). (Y) does not show d Ca, эк; во, Z Се, ASe, 180; gU: 2198, 7 № 


9. After classifying the following elements into 
isotopes, isobars and isotones, 


geometrical isomerism and on decarboxylation 15,77 

yields an alkene (Z). (Z) on ozonolysis gives two 7N, ззАѕ 

compounds out of which only one shows positive the value obtained by multiplying the number of 
iodoform test. pairs of isotones by number of pairs of isobars 


7. Compound (A) is m then divided by number of pairs of isotopes 


(а) CH,CH;CH;CH;COOH 


CH, 10. A solution is obtained by mixing 0.1 mol of 

CH5NH, (ionisation constant, K, = 5 x 104) with 

(b) CH4— CH — СНСООН 0.08 mol of НС! and volume is made up to 1 L. 

(© (CH3);CCOOH If concentration of H* ions of the resulting solution 
(d) CH4CH;COOCH;CHs is x x 10711 M, then the value of x is 

uu 
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The electron gain enthalpies of B, С, N and О with 
negative sign are in the order 

(а) B«C«N«O (b) В<С<О>М 

(© B<C>O>N (d) B>C<O<N 


NH, 
CH; 


Product (C) would be 
NH, COCH, 
COCH, Br 
(a) (b) 
CH, CH3 
NH, NHCOCH, 
Br Br 
(с) (9) 
CH; CH; 


An electron has a velocity of 50 m s^! accurate up to 
99.99% .The uncertainty in locating its position is 
(а) 5.684 х 10^ т (b) 1.369 х 105m 

(с) 1.153 x 102 m (d) 4.523 x 105 т 

In which of the following pairs of molecules/ions 
both the species are paramagnetic? 

(а) С» № (b) OF, Fz 

(© NO, CN (d) NZ NO* 

A compound with empirical formula СНО has а 
vapour density of 30. Its molecular formula is 

(а) C;H20; (b) C;H,O; 

(c) C;H4Os (d) СьН0ь 

If we add dilute aqueous solution of КІ dropwise 
to AgNO; aqueous solution, the AgI colloid 
formed will have 


Practice Paper 2014 


JEE MAIN 


Exam on 6" April 


10. 


(a) negative charge 

(b) positive charge 

(c) neutral 

(d) nothing can be predicted. 

Which of the following compounds is not correctly 


named? 
(а) CH,—CH—CH3 
Nos 


1,2-Epoxypropane 
(b) NH;CH;CH;CH;NH; 


Propane-1, 3-diamine 


NHCH; 


о cuu (HO) 


3, 4-bis(N-Methylamino)biphenyl 


(d) (Oy- Neu», 


N-Phenyldimethylamine 


For H3PO; and Н;РО,, the correct choice is 

(а) H3PO; is dibasic and reducing 

(b) HPO; is dibasic and non-reducing 

(c) НРО, is tribasic and reducing 

(d) HPO; is tribasic and non-reducing. 

X, Y and Z are three elements forming a part of 
compound in oxidation states of +2, +5 and -2 
respectively. What could be the compound? 

(a) XAYZ) (b) Х(Ү2)5 

(с) XYZ) (d) X(YZ); 

Which one of the following reacts fastest with Na 
metal? 


Cl 
(a) сну-снон (Ы 0 )-сњон 
(с) F,C—-CH,OH (d) Clown 
о 
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11. 


13. 


14. 


15. 


16. 


17. 


The vapour pressures of ethanol and methanol 
are 42.0 mm Hg and 88.5 mm Hg respectively. An 
ideal solution is formed at the same temperature 
by mixing 46.0 g of ethanol with 16.0 g of 
methanol. The mole fraction of methanol in the 
vapour phase is 
(а) 0.334 

(с) 0.513 


(b) 0.662 
(d) 0.483 


. The mass of molecule A is twice the mass of 


molecule B. The rms speed of A is twice the rms 
speed of B. If two samples of A and B contain 
same number of molecules, the ratio of pressures 
of two samples A and B in separate containers of 
equal volume is 


(а) 8 (b) 4 (© 16 (d) 2 
The acid containing SC O—O-— 5 bond is 
(a) Н,505 (b) Н,50; 
(©) н›5›О, (d) н›5›О; 


An organic compound 'X' having molecular 
formula СНМ on reduction gave another 
compound ‘У’. Ороп treatment with nitrous 
acid, 'Y' gave ethyl alcohol. On warming with 
chloroform and alcoholic KOH, ‘Y’ formed an 
offensive smelling compound ‘Z’. The compound 
'Z'is 

(а) CH4CH;NH; (b) сн;сн,м2Сс 

(©) СНС = № (d) CH;CH;OH 

E? values for Ti^*/Ti, V*/V, Mn?'/ Мп”, V**/V?* 
and Со?/Со? are — 1.63 V, — 1.18 V, +1.57 V, - 0.26 V 
and + 1.97 V respectively. 

Identify the incorrect statement. 


(a) 
(b) 
(с) 
(4) 


When vapours of an alcohol are passed over hot 
reduced copper, it gives an alkene. The alcohol is 


(a) primary (b) secondary 
(c) tertiary (d) none of these. 


Ti^ and V are strongest reducing agents 
and liberate hydrogen gas from dilute acids. 
Mn” and Со? are strongest oxidising agents 
in aqueous solution. 

Mn” is very stable due to the stable d? 
configuration. 

V?" is less stable than V*. 


Identify the wrong statement among the following. 

(a) Acid rain is mostly because of oxides of 
nitrogen and sulphur. 

(b) Chlorofluorocarbons are responsible for 
ozone layer depletion. 

(c) Greenhouse effect is responsible for global 
warming. 

(d) Ozone layer does not permit infrared 
radiations from the sun to reach the earth. 
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18. 


19. 


21. 


24. 


3.92 g/L of a sample of ferrous ammonium 
sulphate reacts completely with 50 mL of 
` KMnO, solution. The percentage purity of 
the sample is 

(а) 500 (b) 78.4 (c) 800 (а) 39.2 
The geometry of [Ni(CO),] апа [Ni(PPh3);Cl;] 
are 

(a) both square planar 

(b) tetrahedral and square planar respectively 
(c) both tetrahedral 

(d) square planar and tetrahedral respectively. 


If the solubility of lithium sodium hexafluoro 
aluminate, Li; Nas(AIF;), is ‘S’ mol/L, its solubility 
product is 

(а) 5° (b) 125° 

(с) 185° (d) 2916 5% 

Consider а reaction: аР + bQ — Products. 

When concentration of P is doubled keeping 
the concentration of Q fixed the rate increases 
2 times. 

When concentration of Q is doubled, keeping the 
concentration of P fixed, the rate increases 4 times. 
The overall order of the reaction is 

(а) 1 (b) 2 

() 3 (d) 2.5 

The ionization energy of lithium is 520 kJ mol. 
The amount of energy required to convert 210 mg 
of lithium atoms in gaseous state into Li’ ions is 


(a) -520 kJ (b) 15.60 kJ 

(с) 2.47 К] (d) – 173.3 kJ 
Which of the following is most stable? 
(а) РЫС (b) рсн 

() PhCH, (d) (сн; 
Consider the following structures : 

(0 CH,—CH ш) CH,—CH, 


(II) CH, — CH—CH, (IV) сн. CH— C,H; 
The correct sequence of these carbocations in the 
decreasing order of their stability is 

(а) IV, Ш, IL I (b) LII, ШУ 

(c) IV, IL M, I (d) I, III, IL IV 


In РО, the formal charge on each oxygen atom 
and the P — O bond order respectively are 

(а) -075,1 (b) -2,1.0 

(© -0.75, 1.25 (d) -3, 1.25 


Which of the following alkyl halides is hydrolysed 
by 542 mechanism? 
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(а) C,H.CH,Br (b) CHBr 
(© CH;— CHCHjBr (d) (СН;);СВг 


27. The atomic numbers of vanadium (V), chromium 
(Cr), manganese (Mn) and iron (Fe) are 23, 24, 25 
and 26 respectively. Which one of these may be 
expected to have the highest second ionisation 


enthalpy? 


(a) V (b) Cr (c) Mn (d) Fe 


28. A molecule contains atoms P and Q so that P 
occurs at the corners of the cube while Q at the 


face centre. The formula of the molecule can be 
(a) РОз (b) P3Q 
(© PQ (d) РО 


29. И an endothermic reaction is non-spontaneous at 
freezing point of water and becomes feasible at its 


boiling point, then 

(a) AH is -ve, AS is +ve 

(b) AH and AS both are *ve 
(c) AH and AS both are -ve 
(d) AH is +ve, AS is -ve. 


30. The correct order of decreasing acid strengths of 


different groups in the given amino acid is 
+ + 


н; NH, 
s b ds Y 


COOH 
(a) X>Z>Y (b Z>X>Y 
(c) X>Y>Z (d) Y>X>Z 


SOLUTIONS 


1. (b): As we go from В > С > О, electron gain 
enthalpy becomes more negative due to decreasing 
size and increasing nuclear charge. The electron 
gain enthalpy of N is, however, positive because 
of the extra stability of the exactly half-filled 
2p-orbital. Thus, the overall sequence of electron 


gain m with negative sign is B< C «O» N. 


p 
(CH,COyO. 
® ты 
ав 
а 
кз нуно о 
CH, CH, 
(B) (С) 
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” 


e 


(c): By Heisenberg's uncertainty principle 
Ax x mAv = № 
4n 
Here, m = 9.1 х 10?! kg, 
Av = 50 x (100 — 99.99)% 
=50x 0.01 % = 20%0.01 
100 
-5x10?ms? 
h-66x10?*]s 
FEM, И 
AnxmAo 
6.6 х107* Js 


„хэл x10?! kg «5x 10? m s^! 


6.6x10 kg m^s?s*7 
C 4x22x9.1x 107! kgx5x10? m s” 
ии 


___66х7 
4х22х9.1х5 
(c) : Molecular orbital configuration of 
©: ols? o*1s? 02s? с*252 mpe Top) (diamagnetic) 
Nj : 018° o*1s? 025? o*2s! n2p,? n2p,? о2р.! 
(paramagnetic) 
OF: 015? o*1s? 62s? o*2s? о2р.? n2p,? л2р,? торг 
лори (diamagnetic) 
Fz: 015? o*1s? 02s? o*2s” o2p2 пра Tp, x*2p,? 
nap, (diamagnetic) 
NO : 615? o*1s? 02s? с*252 o2p? л2р,2 л2р,/ т“2р,\ 
(paramagnetic) 
СМ: 6187 0*15? 0252 с*25? л2р,? л2ру> 2p." 
(paramagnetic) 
№ : 0157 0*19 62s? 0*25? л2р,* л2р,2 о2р.2 n*2p,' 
тр, (paramagnetic) 
NO' : ols o*1s? 62s? 6*2s* о2р.? n2p,? n2p,7 
(diamagnetic) 


т = 1.153 х 102 т 


(b): Molecular weight = 2 x Vapour density 
-2x30- 60 


Molecular formula 
Molecular weight 


к formula weight 
- E x(CH,O) =C,H,O, 


(b): When KI solution is added to AgNO; solution, 
positively charged sol results due to adsorption of 
Ag“ ions from dispersion medium. 
Agl/Ag* 
Positively charged 


10. 


11. 


. (a): Given, M4 = 2Мв 


(а): Th 
©-\-е 
М, N-Dimethylbenzenamine 
or №, N-Dimethylaniline 


а: О О 
|| |! 
нм ИР 
\ OH ное хон 
он он 
нро, H,PO, 


Number of P — OH bonds determines the basicity 
of the acid and presence of P — H bond imparts 
reducing properties. Hence, НРО) is dibasic and 
reducing and HPO; is tribasic and non-reducing. 


(с): In compound X;(YZi); on substituting the 
oxidation states of each element the net oxidation 
state is found to be zero. 

3(+2) + 2(+5) + 8(-2) - 0 

16-16=0 
(c) : More acidic alcohol will react faster with Na 
metal. 
Е. С—СНоОН is strongest acid among the given 
alcohols because of -I effect of three Е atoms. 


(о) : Prota = РР Xe + Pin Xm 


where л, -f= n 


=42х2 1. 
NOW py, 742X 5 + 88.5% 3 = 575 


3 


Pm 
Protal 


Ут = (7 у = mole fraction of 


methanol in vapour phase) 


1 
where p, = pj, x, 7888x295 


= 295 . 0513 
5 


Ут 


20) 
Urms Of A 72 хи, of B (ш) 
No. of molecules of А = No. of molecules of B ...(iii) 
For gas А, P,V, -iM, (was) 


1 
For gas В, PV, = з Мв (wens) 


PaVa _ Ma WA 
РУз Мр uj 
Ул= Ув 


у) 


(у) 


13. (d: 5 


14. 


15. 
16. 


17. 


18. 


19. 


By equations (i), (ii), (iv) and (v), 


FA ax Qy =8 
Ps 
Рд= 8Рв 
о о о 
] M 
о2\`о-о-н Ho} о“ тон 
OH о о 
Н,50; 
(Caro's acid) 


Н25207 
(Pyrosulphuric acid) 


Н5520% 
(Dithionic acid) 


H)S,Og 
(Marshall's acid) 
(b): CHj;C=N Reductions CH,CH,NH, 
(Х) (Ү) 
Qw/ Ethylamine 
$ CHCL/ 
А : 
alc. KOH 
CH,CH,OH — CH,CH;NC 
Ethyl alcohol (7) 
Ethyl isocyanide 


(d): Low value of E? of V*'/V?* shows the stability 
of V” due to its half-filled t; configuration. 


(c): Tertiary alcohols when passed over heated 
copper undergo dehydration to give alkenes. 


(d): The thick layer of ozone called ozone blanket 
which is effective in absorbing harmful ultraviolet 
rays given out by the sun acts as a protective 
shield. It does not permit the ultraviolet rays from 
the sun to reach the earth. 
(а): Мхи = МхУ, 
[FeSO,(NH;SO,6H,O]  [KMnO;] 

1 1 
М, х1000= 1750 ог № = 200 
Eq. wt. of FeSO,.(NH,);SO,.6H;O = Mol. wt. = 392 

1 -1 
Strength of pure salt = 392 x — =1.96g L 
ngl pun 200 8 


% purity = ix x100 = 50% 


(c) : Oxidation state of Ni т [Ni(CO),] = 0 

№ (Z = 28): 349457 

Since CO is strong field ligand, it forces electrons 
to pair up and thus sp? hybridisation takes place 
which results in tetrahedral geometry. 
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20. 


21. 


24. 


12 


3d 4s 4р 
[Ni(CO),] > ININTNTNTN m x x]x xfx x 
sp? 


In [Ni(PPh3);Cl;], oxidation state of Ni = +2. 

This complex contains weak field ligand (CI) 
as well as strong field ligand (PPh;). Weak field 
ligand favours tetrahedral geometry and strong 
field ligand favours square planar geometry. 
Hence this compound is borderline between 
these two geometries. But due to steric effect of 
two larger PPh; ligands less crowded tetrahedral 
geometry is favoured. 

[Ni(PPh3);Cl;] > 


3d 
NININ[^[^ 


хэ] 

LLL 
ES 

sp 


(d): LijNa(AIF;); < 3Li* + 3Na' + 2AIF- 
K = [Li P[Na'T]AIF; ]2 
= (35)? (35)? (25)? = 2916 S? 
(©): r- KP] [О]! 
2r = K2PY [Q]" 
4r = МР]! [20] 
From equations (i) and (ii), 
2r K2Pl'IQr 
т РО} 
2-2 = (2)'=(2)' > a=1 
From equations (i) and (iii), 
ár MPI[2Qr 
т КРО] 
4=2 = Qy-2 = b=2 
Hence, a and b are 1, 2 respectively. The overall 
order of the reaction is a+ р =1+2 = 3. 


(b): Lig — Lily, LE. = 520 kJ mol 
Mass of lithium = 210 mg =210 x 10° g =21 x 10° g 
Number of moles of lithium = 


-2 
21x10 51107? mol 


Energy required to convert 3 x 10? mol 
atoms of lithium into Li" ions is 
= 520 x 3x 10? = 15.60 К] 


‚ (a): Greater the number of phenyl groups attached 


to the carbon atom bearing the positive charge, 
larger is the resonating structures, more stable is 
the carbocation. 


(a) 
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26. 


27. 


29. 


o 


Three unit negative charge is being shared by four 
O atoms. 
Formal charge = -3/4 = – 0.75 
Number of P—O bonds 
Number of resonating structures 
= 5 =1.25 

(b): In 542 reaction, since nucleophile attacks 
from the back side, hence the most favourable 
substrate will be primary alkyl halide due to 
least steric hinderance. More the number of alkyl 
groups more will be the steric hinderance for the 
approach of nucleophile to the carbon atom of 
C—X bond. Among the primary alkyl halides 
most favourable is methyl halide. 


Bond order = 


(b): The second ionisation potential value of Cr 
is sufficiently higher than those of neighbouring 
elements. This is because of the electronic 
configuration of Cr* which is 3d? (half-filled), i.e., 
for the second ionisation, the electron is to be 
removed from very stable configuration. 


. (a): P atoms are at the corners of the cube, 


Number of P atoms per unit cell = i х8=1 


О atoms аге at the face centre of the cube, 
Number of О atoms per unit cell = i x6-23 

= The formula of the molecule is PQ; 

(b): For an endothermic reaction, AH = *ve 

Now, AG = AH - TAS. 

At freezing point of water i.e., at low temperature 

AG will be positive when AS is also positive. 


At boiling point of water i.e., at high temperature 
AG will be -ve when AS is also positive. 


. (а):1п a given amino acid, —COOH group is 


stronger acid than —МН.. Since —COOH has 
-I effect which decreases with distance, therefore, 
effect is more pronounced on Z than on Y. As a 
result Z is more acidic than Y. Therefore, overall 
order of decreasing acid strengths is X » Z » Y. 
um 
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The equivalent conductivity of 0.05 М solution of a 
monobasic acid is 15.8 mho cm? eq". If equivalent 
conductivity of the acid at infinite dilution is 
350 mho cm? eq’, the dissociation constant of 
acid is 

(a) 1.293 x 10° (b) 1.642 x 10* 

(c) 1.019 x 10* (d) 1.392 x 10^ 

Identify the pair of species in which the central 
atom has the same type of hybridisation. 

(а) ВЕ; and NCI, (b) H,S and Весь 

(c) NCI; and H;S (d) SF, and Весь 


The major product of the following reaction is 


ОСН; 
Conc. H,SO, 
Conc. HNO, 
Ethoxybenzene 
OC3H; OC;Hs 
NO; 
(a) (b) 
NO; 
ОСН; OC;Hs 
SO,H 
(c) (d) 
SO3H 


АО, on heating with carbon in an atmosphere 
of Cl; at high temperature produces 
(a) Al+CO, (b) Al+CO,+NO 
(с) ALC; + СО, (d) AlCl, +CO 
In the following reaction p, q, r and s are 
respectively 
KMnO, + H,SO, + СН.СН.ОН —> 

pK,SO, + qMnSO, + rCH,CHO + sH,O 
(а) 2,1,3and7 (b) 1,2, 5апа8 
(с) 5,3,4and2 (4) 7,3, 1 апа 6 
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6. 


10. 


11. 


12. 


Ехат оп 
4! May 


Which of the following statements is not the 

characteristic of zinc? 

(a) Itis a volatile metal. 

(b) Its hydroxide dissolves in alkali forming 
sodium zincate. 

(c) Itis brittle at very high temperature. 

(d) Zinc dust is used as a reducing agent. 


The cubic unit cell of aluminium (molar mass 
27.0 g mol") has an edge length of 405 pm and 
density 2.70 р cm™. What type of unit cell is it? 
(a) Face-centred (b) Body-centred 

(c) Simple cubic (d) None of these. 


CO, is not isostructural with 
(а) НЕСІ, (b) SnCl, 
(© сн, (d) ZnCl, 


The Lewis structure of N;H; shows 

(а) а nitrogen-nitrogen triple bond 

(b) each hydrogen has one non-bonding electron 
pair 

(c) each nitrogen has two non-bonding electron 
pairs 

(d) each nitrogen has one non-bonding electron 
pair. 


Product formed on reaction of sulphanilic acid 
with bromine water is 

(a) p-bromoaniline 

(b) 2, 4, 6-tribromoaniline 

(c) o-bromoaniline 

(d) 2, 6-dibromoaniline. 


The correct order of increasing bond lengths of 
the following species is 
G d Q 
I П ш 
(а) 1<Ш<П (b) П<Ш<1 
(© К П<1<Ш (d) Ш<П<1 


An endothermic reaction, A — В has an activation 
energy as x kJ mol". If energy change of the 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


reaction is y kJ, the activation energy of the reverse 
reaction is 

(а) -x (Ы) х-у 

(©) х+у (4) у-х 

The two electrons have the following sets of 
quantum numbers, 

Р:3,2,-2, + 1/2 О:3, 0, 0, + 1/2 

Which of the following statements is true? 

(a) Pand Q have same energy. 

(b) P has greater energy than Q. 

(c) P has lesser energy than Q. 

(d) P and О represent same electron. 


The first line in the Balmer series in the H-atom 
will have the frequency 

(а) 4.57 x 10^ s" (b) 3.89 x 105 s" 

(с) 7.53x 10^ 5! (d) 8.15 x 10? s 


The concentration at which degree of dissociation 
of a0.2 M solution of CH;COOH becomes double is 
(К, of CH;COOH = 1.8 х 1075) 

(а) 01M (b) 0.009 M 

(© 04M (d) 0.049M 


Which one of the following statements is not 
true? 

(а) Ampicillin is a natural antibiotic. 

(b) Aspirin is both analgesic and antipyretic. 

(c) Sulphadiazine is a synthetic antibacterial 
drug. 

Some disinfectants can be used as antiseptics. 


(9) 
The activation energy of a reaction is 5 kcal/mol. 
The increase in the rate constant when its 
temperature is raised from 300 K to 310 K is 
approximately 

(a) 1596 (b) 50% 

(c) 100% (d) 3196 


МН; gas is liquefied more easily than N;. Hence 

(a) van der Waals' constants a and b of NH; is 
greater than that of № 

(b) van der Waals’ constants a and b of NH; is 

smaller than that of N; 

(c) а(МН.) > а(№,) but b(NH;) < b(N;) 

(d) a(NH3) < a(N;) but b(NH;) > b(N;). 


Which of the following complexes will give 
maximum number of isomers? 

(а) [Co(NHj,CLl] (Ы) [Ni(en)(NH3)]" 

(с) ГМС) (em; (9) [CSCN)(NB;)] 


For the adsorption of a gas оп a solid, the plot of 
log (х/т) versus log P is linear with slope equal 
to 

(a) n 
(с) К 


(b) 1/n 
(d) logk 


21. 


23. 


24. 


26. 


Number of possible alkynes with the formula С5Нз 
is 

(a) 2 (b) 3 

(0 4 (d) 5 


The structure of neo pentyl group in an organic 
compound is 
(а) CH4—CH;—CH;—CH,—CH,— 
q 

(b) CH4-CH;-CH-CH;- 

g 
(с) CHEE CH 

CH3 
(d) CHg-CH-CH;-CH;- 

CH; 


Which of the following does not show 
tautomerism? 

(а) C;H.COCH; (b) CH;CHO 

(c) СН.СОСН, (d) C;H;COC(CH;), 


The correct order of ionic radii of Y, La™, Ей? 
and Іл? is 

(а) Y” «La* < Eu” < Lu” 

(b) Ү* < Lu% < Eu* < La” 

(с) Lu* « Eu* <Та* <Y* 

(d) La* < Еи? < Lu* < Y* 

The intermetallic compound LiAg crystallizes in 
cubic lattice in which both lithium and silver have 
coordination number of eight. The crystal class is 
(а) face-centred cube (Б) simple cube 

(c) body-centred cube (d) none of these. 


Q 


Benzene 
X and Y are respectively 
CN COCH; 


HCN 
HCI/AICI; 


(CH3CO),0 
CH3COONa 


2 
(а) $ 


"d 
(b) E 
CHO CH=CHCOOH 
> 
о © 
CHO CH;COCH; 
че” 
> 
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30. 


31. 


32. 


33. 


34. 


35. 


36. 
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Which of the following complexes has the least 
molar conductivity in the solution? 

(a) CoCl;3NH; (b) CoCl4NH; 

(© CoCl,5NH, (d) CoCL;6NH, 


Bubble gum contains 

(a) thiokol rubber 

(b) styrene-butadiene rubber 

(c) isobutylene-isoprene rubber 
(d) acrylonitrile-butadiene rubber. 


Silica is reacted with Na;CO;. Which gas is 
liberated? 

(a) CO (b) О, 

(© CO, (4) О; 


Aluminium oxide may be electrolysed at 1000° C 
to furnish aluminium metal (At. mass - 27 amu, 
1 faraday = 96500 coulombs). The cathode reaction 
is 

AP* +37 —> Al 
To prepare 5.12 kg of aluminium metal by this 
method would require 
(a) 5.49 x 10* C of electricity 
(b) 5.49 x 10' C of electricity 
(c) 549 x 10" C of electricity 
(d) 1.83 x 10" C of electricity. 


An acid solution has a pH - 6. It is diluted 100 
times, the pH of the resultant solution would be 
(a) 5.95 (b) 6.95 

(с) 7 (d) 8 


Which of the following alkenes is least reactive 
towards anionic polymerization? 

(а) H,C=CHCH; (b) H;C—CF, 

(© HyC=CHCN (d) H,C—CHC,Hs 


Which of the following is most acidic in nature? 
(a) SiO, (b) №0; 
(с) SOs (d) CO, 


The r.m.s. velocity of CO, at a temperature T (in К) 
is x cm s™. At what temperature (in K), the r.m.s. 
velocity of nitrous oxide would be 4x cm s”? 

(a) 16T (b) 2T 

() 4T (d) 32T 

Osmotic pressure of blood is 7.65 atm at 310 K. 


The aqueous solution of glucose is isotonic with 
blood if its concentration is (wt./vol.) 


(а) 534 g/L (b) 354 g/L 

(с) 541g/L (d) 25.33 g/L 
Zn dust. Cold 

C;HsNO; мна А Conc. НСІ В 


А and B respectively are 
(a) (OJ nnon, но—(О)-мн, 
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37. 


38. 


39. 


41. 


42. 


(b) (С)у-хн-хн-(СУ 
нА О О) чњ 
(©) OO 
> O0 


(d) None of these. 


Which of the following is incorrect? 


[9] 
2 +7 
(a) CH,—N (b) CH,7N 
3 “о No 
OH 


OH 
<7 
(с) CHENG S (d) CH,=N 


Sot 
Which of the following has least covalent P—H 
bond? 
(a) PH; 
(© Р.Н; 


(b) Р.Н 
(d) PH; 


The correct order of increasing boiling point is 
(а) 0.01 m NaNO; < 0.01 m La(NO;), < 0.01 m 
MgBr, 
(b) 0.01 m NaNO, < 0.01 m MgBr; < 0.01 m 
La(NO,); 
(© 0.01 m MgBr, < 0.01 m La(NO,); < 0.01 m 
NaNO, 
(d) 0.01 m La(NO,); < 0.01 m MgBr; < 0.01 m 
NaNO, 


Structure of the compound whose IUPAC name 
is 5-ethyl-6-methylcyclohex-2-en-1-one is 

[e] о 
"Tod Toe 


(©) (4) 

The wavelength of the radiation emitted producing 

a line in the Lyman series when an electron falls 

from fourth stationary state in hydrogen atom is 
(Ru 21.1 x 107 тг!) 

(а) 9.697 x 107% cm (b) 5.458 x10? m 

(с) 5.458 x 10? cm (d) 9.697 x 10* m 


What products are expected from the dispropor- 
tionation reaction of hypochlorous acid? 

(а) НСЮ; апа CLO (b) НСО), and HCIO, 
(с) HCI and CO (d) HCl and HCIO, 


43. 


45. 


2+ —> 2+ 
Zn + Сим) == Си + Zn 


[Zn?*] 
cu?*] 


Reaction quotient, О = 


Variation of ЕЁ with log О is of the type given 
in graph with OA = 1.10 V, Еш will be 1.1591 V 
when 


cell 


log Q B 
(a) [Cu И] 20.1. (b) [Cu ИР? = 0.01 
(© IZn"y[Cu"] =0.01 (d) [Zn^]/[Cu*] = 0.1 


. Which of the following have electrovalent, covalent 


and coordinate bonds? 
(а) мна 
(c Но, 


(b) CO; 
(d) CH, 


How many z-electrons are there in the following 
structure? 
© 
(a) 2 (b) 4 
(с) 6 (d) 8 


SOLUTIONS 


1. 


^ 
(c) : Degree of dissociation, œ = s 


a= ЫШ =0.04514 
350 


For monobasic acid, HA == Н'+ А” 


(`1“<<<1) 
К=0.05 х (0.04514)? К=1.019 x 10* 


(c) : N atom in NCI, and S atom in H;S are sp? 
hybridised. 


(а): OCH, OCH; OCH; 
Conc. H,S0, NO, 
2 
Conc. HNO; 
Ethoxybenzene 2-Ethoxynitrobenzene 
NO, (Minor) 
4-Ethoxynitrobenzene 
(Major) 


1000°C 
(d): АБО, + 3C + 3Cl, ——> 2AlCl, +3CO 
(b): 2KMnO, + 3H,SO, + 5CH;CH;OH —> 
K,SO, + 2MnSO, + 5СН,СНО + 8H,O 


10. 


11. 


12. 


(c) : Zinc is slightly brittle at room temperature 
but more malleable at or above 100*C. 


m ZxM 
` Noxa? 
2-Рх№ха 
м 


_ 2.7ж6.023ж10?3 x (405x10 70)? 


27.0 
i.e., number of atoms per unit cell is 4. Hence, unit 


cell is face-centred type. 


(b): SnCl, is AB;L type of structure in which two 
bond pairs and one lone pair of electrons are 
present. So, it forms bent (V-shape) structure. 


(d): H-N=N—H 


NH, NH, 
Brywater, БГ Br 
(b): simie, 
SO3H Br 


Sulphanilic acid 


2 =4 


2, 4, 6-Tribromoaniline 

(c) : Total number of electrons in C; molecule 
is 12. 

Its electronic configuration is 

6157, o*1s", 62s”, с*25°,( л2р,2 = n2pj) 


Bond order = i (8-4)-2 

Е.С. of C; = 018°, o*1s", 0257, 0*2s*, (л2р2 = n2p,) 
пар: 

Bond order = E (9-4)=25 


Е.С. of C} = 61s’, с*15?, 62s”, с*25°, (n2p? = n2p,7) 
n2p? 


Bond order = i (10-4) =3 


Greater the bond order, shorter is the bond 
length. Therefore, order of bond lengths will be 
e «C; «C, 

(b): 


Progress of reaction 
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14. 


15. 


16. 


17. 


18. 


19. 


(b): P is 3d апа О is 3s. Energy of 3s < 34. 


(a) : Frequency of the first line in the Balmer series 
is 


v-£ =сб=3х1010 x109677x| 1-1 |в-1 
a n; пу 


xa [lo 


5 
2329x105 x> =4. Mg 
x x 36 4.57 x10" s 
(d): Since CH4COOH is weak acid, so Ostwald’s 
dilution law can be applied. 


5 
a= At = [18105 55, 1s 
C 02 


When degree of dissociation becomes double 
ie., 20 


5 

c -& = 18x10" -009м 

«^ (2x9.5x10~) 
(а) : Ampicillin is a modification of penicillin and 
thus is not a natural antibiotic. These semisynthetic 
penicillin (SSP) like ampicillin, cloxacillin, etc. are 
produced by chemically combining specific side 
chains (in place of benzyl side chain of penicillin 
group) or by incorporating specific precursors in 
the mold cultures. The aim of producing SSP's is 
to overcome penicillin's shortcomings such as poor 
oral efficacy, hyper sensitivity, susceptibility to 

penicillinase, narrow spectrum of activity, etc. 


(d): From Arrhenius equation 


"WP (55) 
k 2303R| ТТ, 
lg = 5000 | 10 | o1 
№ 2.303х2| 310x300 
Antilog (0.1167) = 1.308 
Непсе № 1308 
h 
or 5 1-1308-1; ЮА _ 9.308 


1 1 

ог k- К = 0.308 k, 

i.e. К increases = 30.8% = 31% 

(c) : Моге the value of a and lesser the value of b, 
the more easily the gas is liquefied. 

(d): [Cr(SCN);(NH;);] shows linkage, geometrical 
and optical isomerisms. 
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24. 


25. 


26. 


27. 


28. 


29. 
30. 


31. 


. (b): According to Freundlich adsorption isotherm, 


x 1 
1 — |=log k*| — | log P 
os (2. ов IB 98 


(b): Possible isomers of СУН» are 
HC=C—CH,—CH,—CH, 
HC=C—CH—CHy 

CH; 
CH,—C=C—CH,—CH, 
(c) 


. (d): C;H;COC(CH)), does notcontain an o-hydrogen 


and hence does not show tautomerism. 


(b): Ionic radii decrease from La* to Lu? due to 
lanthanoid contraction. 

Y(Z = 39) is a first member of 4d-series so that Y” 
is smallest in size. 

Thus order of ionic radii is La” > Eu* > Lu* > У”. 


(c) : A body-centred cubic unit cell consists of 
8 atoms at the corners and one atom at the 
centre. 


CHO 
А HCN (CH3CO),0 
ө: C HCI/AICI; CH;COONa 
Benzene (X) 
Benzaldehyde 
CH=CHCOOH 
~Y) 


Cinnamic acid 


(а) : CoCI3NH; is [Co(NH;);Cl;] which is non 
ionizable in solution. 


(b): Bubble gum contains styrene-butadiene 
rubber. 


(с): SiO, + Na;CO; —— Na,SiO, + СОЛ 
(с): Al* + Зе — Al 


3F 27g 

27 g of Al get deposited by = 3 x 96500 C 

5120 g of Al get deposited by = 3596500, 5120 
-549x10 C 


(b): pH = 6 or H* = 105; when it is diluted 
100 times. 

ie, H' -10*x10?- 10* 

But pH of an acid cannot exceed 7. Here we should 
also consider [H'] that comes from water. 


Scan now with your 
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38. 
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20 


Now [H'] = [Н'] from НСІ + [H'] from H,O 
7-10? «107 2 10? +10 х 10? = 11 x 10? 
pH = -log (11 x 10°) = - [1.0413 — 8] = 6.9587 


(a) : Anionic polymerization involves the formation 
of carbanion intermediate. Alkene which yields 
least stable carbanion will be least reactive. 
Alkenes with electron withdrawing group are 
more reactive towards anionic polymerization due 
to stabilization of carbanion. Thus CH;— CHCH; 
is least reactive having no electron withdrawing 
group. 

(с): 510, < СО, < NO; < SO, 

In case of oxides of non-metals, the acid strength 
increases with increase in oxidation state. The 
oxidation states of various elements are Si = +4, 
С = +4, М = +5, 5 = +6 in the given oxides. Due 
to the small size of C-atom, СО, is more acidic 
than SiO}. 


Coco) _ [Тсо, ХМм,о 
Сим.) ү Mco, Х1мо 


(а): 

= х [foo 44 > Tno" 16 Too, 
4x 44 Tyo 

(c) : For isotonic solution, Pglucose = Polood 


pV=nRT 
7.65x V = х0.082х310 
180 


Е = 541 g/L 
Zn dust 


CsHsNO, 219% > C H.NHOH 


(а): NH.G 


(d): 


(d): Due to the +ve charge on P, it attracts the 
electrons of the P—H bond towards itself. As a 
result, it has some ionic character. In other words, 
the P—H bond in РН; is least covalent. 


(b): AT, being a colligative property depends 
upon the number of solute particles i.e. greater 
the number of ions larger will be the elevation in 
boiling point and thus greater will be the boiling 
point. 

La(NO,); == Га + ЗМО; — 4 ions 
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41. 


42. 


43. 


45. 


MgBr, — Mg” +2Br — > Зіопѕ 

NaNO, = Nat + NO;  2ions 

2. The correct order of increasing boiling point is 
0.01 m NaNO, < 0.01 m MgBr; < 0.01 m La(NO;); 
(с): о 


1 
XL 
Бес 


1 
5-Ethyl-6-methylcyclohex-2-en-1-one 
(d): For Lyman series, п; = 1, but m, = 4 (given) 


we know, U-R a = 2} 
ny 15 T 4 
1_16 1 
=—х 


=— =9.697 x10? т 
о 15 11x10 


(d): 3HCIO,, —> HCIO;,, + 2HCI,;, 

Itis a disproportionation reaction of hypochlorous 
acid where the oxidation number of Cl changes 
from +1 (in CIO) to +5 (in CIO;) and -1 (in СГ). 
[212'] 

[Cu] 

From the given plot, ОА = Е°, = 1.10 V 


2+ 
1.1591=1.10- 0.0591 log Z] 
2 [Cu] 


2+ 
= 
[Cu] 
Taking antilog 


[Zn ]/[Cu?'] = 0.01 


0.0591 
cell 7 


(с): Кең = E? 


‘cell ~ 


log 


(a): н * 
нән cr 
А 
(9: H 


Cyclopentadienyl anion 
(planar, бл electrons, aromatic) 
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COMPETITION : 


Organic Chemistry 


Mukul C. Ray, Odisha 


This time we have the chemistry of nitrogen containing organic compounds for you. This chapter is based on concepts, which 
are not new to you if you have studied the earlier chapters. However, from examination point of view, the chemistry of nitrogen 
compounds is extremely important. We have included all important points, which are there in the syllabus. One good reading and 


then you can move on to questions for practice. 


Preparing Primary Amines 


ý CN; Reducing, 
O R-X => R — CN ем > R — СН›—МН, 


Reducing agents used аге: H,/Ni, LiAIH,, 
Na/alcohol (Mendius reduction). 
Reducing 
о R—NO, аә R — NH, 
Reducing agents used are: LiAIH,; Pt, Ni or Pd + H; 
SnCl in на, Ее апа Н*. 


di 
о R-X- вм, Es R — NH, 


agent 
Reducing agents used are: LiAIH,, Pt + Н, 
SnCl, in HCl. 


К. 
ТУШИ Reducing RY 
o oN OH — agent > p7 CH — МН» 


Reducing agents used are: Na + C,H;OH, 
МИН, + NH; МАН, followed by hydrolysis. 

O Reduction of nitrobenzene to aniline is the most 
important reaction of aromatic nitro compounds. 


Reducing 
(о) NO2 “agent? "get ssa (Оук 


Reducing agents used are: H, in the presence 
of Pd, Pt or Ni; Fe, Sn or Zn with mineral acid; 
SnCl, in HCI; N;H, in the presence of Pd; sodium 
dithionite (Na;S;O;; sodium and ammonium 
sulphides and polysulphides. 

Again, 

Zn > Ph-NHOH 
H50, NH,CI 


Ph — NO, —% > Ph-NH-NH—Ph 


POM с 
AsO. 
o> Ph-N —N-Ph 


NaOH, HO 


Reduction of nitrobenzene gives azobenzene (not 
aniline) with LiAIH,. 


Th — NO, TEST Ph— N —N-Ph 


О Carbonyl ро can be converted to amines 
by first converting to imines and then reducing it 
by the use of several reducing agents. 


о 
1. CHCH;CH;NH; 
2. НМ 
NHCH,CH,CH, 


NCH,CH,CH. 
СӨ; 2-72 р 


Instead of H,/Ni, NaBH, in ethanol or МаВН.СМ 
or LiAIH, in ether medium can be used. 
О Primary amines can also be prepared from Gabriel 


phthalimide synthesis. 
со 

Ces CS» 
co^ ux 

кон] че. А 


COÓK* 
(of + R'CNH, 
собк' 
Note : Ph—NH; (CH;);CNH, cannot be prepared 
by this method. 


Reactions of Amines 


+ 
R—X*NH4—— К МНХ 
However, practically the reaction does not stop at 
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this stage. Ammonia present in the reaction flask 
deprotonates this, which then enters into further 
reaction. 
R—NHsX^* NH, —> R—NH, + NH,X- 
Free amine 
For example, 


1. 16-fold excess of NH3 
in ethanol -H;O 


CH,—CH,— 
2. NaOH (to neutralise 
the amine salt) 


CH,—CH,—NH, (34%) 
+ 
(CH,—CH,),NH (57%) 


+ 
(СНз—СН»)5М (1%) 

So, amine is not utilised as nucleophile except 

to produce 3° amine or quarternary ammonium 

salt. 

While using a 2° amine to produce 3° amine, the 

product amine is sterically hindered and cannot 

attack further. 

Amines can initiate elimination : In fact, 

3° amines are often purposely used to carry out 

such elimination reactions. 


(Осень | ГАМ 
m pe 
(осн сн, Rib 
CH=CH, 


нс Cl CH, 
© +R;N —> е +R,NHCI 


Amines act as nucleophiles : A little similar 
reaction is 


о 
I HO, NaOH 
CH,—CH—C—Cl+ HN-R TAS 
CH, 
D 
CH,-CH-C-NH-R 
CH, 


The success of this method is due to high 
nucleophilicity of amines, which competes 
successfully with hydroxide ion and water in 
attacking acyl halide. The less basic amide also 
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does not permit it to undergo further acylation by 
acyl halides. 


i i 
CH; CH c feng CH-CH, x» 


CH, R CH; 


Note : Cyclic anhydride such as phthalic 
anhydride gives only a monamide. 

1° amines generate carbocations : The reaction of 
amines with nitrous acid is a complex subject. 
Aliphatic primary amines react with nitrous acid 
to give a mixture of products. 


А 
CH,CH,CH,NH, М> CH,CH,CH;N; 


CH,—CH,—CH,—OH 
CH,—CH—CH, 


Cyclic amines can undergo ring expansion or ring 
contraction. 


oo HNO; oo 
Sag 
Olefins 


OH 
OH + + CH,OH 
CH, 


(76%) (19%) (5%) 


2? amines do not give carbocation : Secondary 
amines, both aliphatic and aromatic, react with 
nitrous acid to give yellow, neutral nitrosoamine. 


ON 1HNOS. ON N=0 
we 


CH; ct, 


(This is non-basic) 


со 
Б? н, 
x О *2CHNH, —> — > 
co^ 
[or 
COOH 


Very similar reaction is of acid chlorides of 
sulphonic acids with primary and secondary 
amines to give sulphonamides. This reaction 
forms the basis of classical Hinsberg’s test. 

Distinguishing 1°, 2° and 3° amines 

О To apply the Hinsberg’s test, the amine is shaken 
with benzenesulphonyl chloride and aqueous 
alkali. If a homogeneous solution results, the 
amine is primary. If an insoluble material is 
present, the amine is either secondary (the 
insoluble material is secondary sulphonamide) 
or tertiary (the insoluble material is unreacted 
amine). To differentiate between the secondary 
and tertiary amines, the insoluble material 15 
acidified. A tertiary amine will form a salt and 
dissolve while the secondary sulphonamide being 
neutral, remains insoluble. 


R — NH. —— —N 
1* Amine" М 


Sulphonamide 


ТМ Ph-sO,-ci R 
к Маон 

2° Атіпе о 
(Precipitate) 


RN TUI, phSOSNIRSCI- 
3° Amine (Hydrolysed very 
rapidly with water) 
О 3° amine reaction is unique : In reaction of 
3° amine with nitrous acid there may be several 
reactions considering hydrolysis also. 


E 
НСМ cH, ph HNO, > BONN cH, ph 
HC” НСА | Ы 
NO 

E Н.С + HO Н.С) + 
Нм РЕБ 2 
m НЕВЫ CONI. Ph-CHO 

3 


нс, Н.С 
ar ВВ N-N=0+H,0 
Also, 
2HNO —> H3N,0, —> N,O+ H,O 
Amines react with carbonyl compounds 
О Primary and secondary amines add readily 
and reversibly to the carbonyl groups of most 


aldehydes and ketones to give carbinolamines, 
which undergo spontaneous dehydration, 
particularly in the presence of an acid, to give 
imines, frequently referred to as Schiff's bases. 


€ ZR 
RNH О CR; КМС, 
OH 


Undergoes spontaneous 

dehydration only if there 
is one a-hydrogen in the 
carbonyl part. 


For example, 


trace 
Crome OO 


An enamine 


(О)-ен=о үнл-(О)—| 
(oy-ai- v0) + НО 


Benzalaniline, а Schiff's Базе 


All types of amines are easily oxidised 

O The course of reaction is quite variable depends on 
the nature of the oxidising agent and the structure 
of amines. Only oxidation of tertiary amines is of 
major interest. 


Secondary amine oxidation is followed by 


tautomerisation. 

T EE) 
T X T 

H о H он 


The oxidation of aliphatic primary amines 
usually produces a mixture of products: imines, 
enamines, nitriles and so on. It is rarely a reaction 
of preparative interest. 

O The oxidation of primary aromatic amines can 
also give very complex products. For example, 
mild chromic acid oxidation of aniline gives a 
polymer known as 'aniline black'. More vigorous 
oxidation of aniline gives benzoquinone. 


(oa 


Peracids oxidise — МН, to — NO, group. 
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EO NH, “OOOH, eo» NO, 


Preparing alkene from amines 


R—CH,—CH,—NH, EUN R—CH=CH,+ NH, 
No Sy1 or E1 possible because: 
R,C—NH,—= RC + NH; 
C—N bond is much stronger than C—O bond. 
To i alkene we have a different procedure: 


moist 
Ago? 


Hal excess) > 


T 


Proton abstraction takes de from the less 
crowded f-carbon giving less substituted alkene; 
a Hofmann product. 

Crowding may alter the major course of reaction. 


CH; CH, 


x Pa 
CH; >C—CHzCH,+ N= CH, —> 
сн, p^ “ен; 
“or 
CH, 
сн, Sc-cH=cH, 
CH; (Only 20%) 
CH; CH 
Ss + СНз 
CH, >C—CH,—CH,—N= CH, —» 
сн, Ххсн, 
^н" 
сн, 
че CH. 
CH; C-CH,-CH,-NZ | «CH,-OH 
сн; CH; 


Certain reactions of imines, isocyanates, 
nitro compounds, enamines and cyanides are 
important. 

The most characteristic reaction of imine is its 
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hydrolysis reaction. 
Ph hy 

S но, 
рһ^= NH —на> „<= O+NH,Cl 
The simpler imines derived from ammonia 
are so unstable that they are known as reactive 
intermediates. 


CH,-CH =0 №№ сн,-сн=мн 
rooms: 


H 
| Кер ~N н; 


HN. NH 


CH, 


(Acetaldimine trimer) 


N 

cH,=0 № cH,=NH — @ 
мм 

г 


(Hexamethylenetetramine) 
Secondary amine can be converted to tertiary 
amineby a mixture of HCOOH and formaldehyde. 
Itis the Eschweiler— Clarke reaction. 


+CH,O = i " 
й т o 
н CH,OH CH, 


and then formic acid transfers a hydride. 


О 
i 
1. \+n-c¥olu—>co,+H+( \ 
М уе” М 


e А 
Сн; CH, 
Isocyanates have (һе general formula 
К-М=С= O which contains a carbon atom 
attached to ‘N’ as well as 'O' by double bonds. 
It is attacked by variety of nucleophiles. 
Е " ноў $ 
Isocyanate + Grignard's reagent —> ——> Amide 
Isocyanate + Amines —> Urea derivatives 
Isocyanate + Alcohols —> Urethanes 


8- ot 
ph - MA. c o Stc Meer Ph-N— c= 
MgBr CH; 


Il 
—NH—C—NH-—CH, 
N-Phenyl-N-methylurea 


Isocyanates react readily with water. 
R—N-—C-O + H,O —> R-NH—COOH 


R—NH; ES 


О Enamines are excellent nucleophiles. A reactive 
alkyl or an acyl group can be easily introduced at 
the a-position to & group. 


нь 
de E a уе Ph 


With simple alkyl halides such as CH;CH;Br, very 
little product of the above kind is obtained. 

O Cyanides are hydrolysed both in acidic and in 
basic medium. In basic medium, the hydrolysis is 
rather easier. 


H* 
Toa? R-COOH 
R—CEN 
~ar +> R-COO 


O The hydrolysis of aromatic nitriles can be stopped 
at the amide stage. The aromatic cyanide is 
dissolved in conc. H,SO, and then pouring acid 
solution into ice. 


H,SO, + H,O, 
R—CN —— R-C=NH Erud RCONH, 


О Ketone synthesis can be conveniently done using 
Grignard's reagent. 


А. CH; 
uf 1. CH,CHMgBr, 
2. но ” 


О Nitriles having о-һуйгореп can be alkylated. 
Indeed, monoalkylation of most nitriles is 
impractical. 


1. NaNH; 1. NaNH; 


CH4CH;CN cog > CHa-CH —CN Exc 
CH; CH; 
SIS-C-6N 
CH, 


O a-Unsaturated nitriles are usually good 
dienophiles in the Diels— Alder reaction. 


O Careful neutralisation of a solution of nitronate 
anion affords a nitronic acid. Sometimes, known 
as an aci-nitro compound. 


CH,—CH,—No, 0% CH, CH-NO, 


d 
CH,—-CH-—NZ, 


(aci-nitro compound) 
Tautomer of nitro compound 
but more stable than enol 
form of a ketone. 


(Slow) + „ОН 


О The reaction of nitronate ion with excess cold 
mineral acid does not give the nitronic acid but 
rather a carbonyl compound. This is the Nef 
reaction. 


NO, OH, н gp. CHO 


R—CH,— њо 


R—CH-NO, 2245 dip? R- с=о 


| | 
[4 [4 


О Nitro compounds with о-һуйгореп act аз 
nucleophiles. 
NO, 


CHan 9H, 
ом VOV OT? 


Thereaction passes throughacarbanion generation 
and then an intramolecular nucleophilic attack. 


E Q 
oy Уе CHS g 


One more example to illustrate how nitro 
compound facilitates cabanion formation. 


NO, 
Q 


o | 
CH,—C—COOEt 
—— 


(Obtained as Na salt) 
um 
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YQU ASKED 
WE ANSWERED 


Do you have a question that you just can’t get answered? 
Use the vast expertise of our mtg team to get to the bottom 
of the question. From the serious to the silly, the controversial 
to the trivial, the team will tackle the questions, easy and 
tough. 

The best questions and their solutions will be printed in this 
column each month. 


01. Which chemical is responsible for burning 
sensation that we get from chilli pepper sprays? 
— Prateek Khurana, Kurukshetra 
Ans. Capsaicin is the active ingredient of chilli 
pepper plants belonging to the genus Capsicum, 
having chemical name 8-methyl-N-vanillyl-6- 
nonenamide. It iscolourless, odourless, crystalline 

to waxy and source of the hotness of pepper. 


HO. 
DOG: 
М. 
“о 
о 
Сарѕаісіп 
It produces a burning sensation when it comes 
in contact with any tissue. Hence, now-a-days, it 


is used as pepper sprays, to ward off attacking 
muggers, dogs and bears. 


O2. What is ‘Graphene’? 
~ Smita Raisinghani, Meerut 
The ‘miracle material’ called graphene was 
discovered by Sir Andre Geim and Konstantin 
Novoselov. It consists of one-atom thick layer of 
carbon (graphite) arranged in two-dimensional, a 
honeycomb lattice. It is the thinnest as well as one 
of the strongest and hardest material in the world. 
Graphene possesses exceptional properties 
like, it is about 200 times stronger than steel 
and even stronger than diamond. It is highly 
flexible and conducts heat and electricity better 
than copper and silicon, thus also called ‘silicon 
2.0’. Currently, graphene is used in ink, airplane 
wings, DNA-sequencing devices, solar cells, 
anti-rust coatings, touch screens and even in 
living tissue applications. 
Q3. Why does hot water freeze faster than cold water? 
- Vineeth Goel, Aligarh 


Ans. Hot water evaporates faster than cold water, thus 
reducing the amount of water left to be frozen. 


Ans. 
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Q4. 


Ans. 


Qs. 


Ans. 


Formation of frost layer on cold water also 
insulates it from getting frozen faster. Hot water 
has less capacity to hold dissolved gases than 
cold water, which may affect its rate of freezing. 

This can also be true on the basis of bonding. When 
the water warms up, the hydrogen bonds stretch 
and the water molecules move further apart. This 
allows the relaxation of covalent bonds, which 
causes water molecules to give up their energy. 
Hence, warm water cools faster than cold water. 


Why do the teeth appear reddish and corroded 
for those people who chew betel leaves? 

— Sudarshan G.S, Mysore, Karnataka 
Teeth appear reddish and corroded for those 
people who chew betel leaves because of 
the presence of katha (catechu) which along 
with lime paste and areca nut is an important 
ingredient of ‘paan’. 
The areca nut reacts with lime paste to produce 
a narcotic called ‘arecoline’ which stimulates the 
parasympathetic nervous system for increased 
production of saliva. 
Arecoline is an alkaloid found in the areca nut. It 
is an odourless oily liquid. 


Methyl 1-methyl-1,2,5,6-tetrahydropyridine-3-carboxylate 


What are 
condensates. 


Bose-Einstein and  Fermionic 
— Nikita Arora, Delhi 
Bose-Einstein Condensate (BEC) is the 5‘ 
state of matter in which separate atoms or sub- 
atomic particles, cooled to near absolute zero 
(0 К, — 273.15°C, or – 459.67°F), coalesce into 
а single quantum mechanical entity. BECs are 
related to two remarkable low-temperature 
phenomena one is superfluidity (in which Не? and 
He! forms a liquid with zero friction) and another 
is superconductivity (in which electrons move 
through a material with zero electrical resistance). 
Fermionic condensate is the 6'^ state of matter. 
It is a superfluid phase formed by fermionic 
particles at low temperature. It is closely related 
to the Bose-Einstein condensate, a superfluid 
phase formed by bosonic atoms under similar 
conditions. Unlike the Bose-Einstein condensates, 
fermionic condensates are formed using fermions 
instead of bosons (sub-atomic particles smaller 


than an atom). E.g., a chiral condensate. 
шш 


Foundati Оп Series 


JEE 


UNIT-9 


* Practical Inorganic Chemistry : Chemical 
principles involved in the qualitative salt a 
analysis, chemistry involved in the preparation 
of the inorganic compounds. 


Maximize your chance of success, and high 
rank in JEE (Main and Advanced) /BITSAT 
by reading this column. This specially 
designed column is updated year after year 
by a panel of highly qualified teaching 
experts well-tuned to the requirements of 
these Entrance Tests. 


Principles Related to Practical Chemistry 


Preliminary Tests 
It involves physical examination of salt like their 
characteristic colour and odour. 

Test Observation 
‘Colour White 


Radicals 
МН}, Pb”, AP*, 
Zn”, Ba?*, Ca”, 


* Practical Organic Chemistry : Detection of 
extra elements in organic compounds, detection 


of functional groups in organic compounds, Sr", Mg” 
chemistry involved in the preparation of the Blu Cu” 
organic compounds. С = um ce 
* Practical Physical Chemistry Chemistry = n T 
involved in the titrimetric exercises, chemical Light green Fe 
principles involved in the physical chemistry Brown Fe? 
experiments. Pink Co?* 
Light pink Мп? 
PRACTICAL INORGANIC CHEMISTRY 
(Flesh colour) 
e Introduction Odour Ammoniacal smell NH; 
e — Qualitative salt analysis Smell of vinegar CH3COO^ 


Smell of rotten eggs SE 


TIPS TO REMEMBER 


о The qualitative salt analysis deals with the | У 


identification of acidic radicals (anions) and 
basic radicals (cations) in an inorganic salt or in a 
mixture of salts. 

In the salt, A,B,, A is positively charged ion and 
B is negatively charged ion. 


D 


Au p 
Cation Anion 
(Basic radical) (Acidic radical) 


О Itinvolves preliminary tests and wet tests. 


Some tests like dry heating test, flame test, borax 
bead test, charcoal cavity test, cobalt nitrate test 
give preliminary idea of the radicals present in 
the salt. 


Dry Heating Test 


Observation Radicals 
Colourless gas evolved Cos $0, S Cr 
Brown gas evolved Br, NO; 

Violet gas evolved г 
Crackling sound Pb(NO3)2, Ba(NO3)2 
Brown residue Си?* 
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Flame Test 
О Salt with 1 or 2 drops of conc. НСІ is introduced 


in the non-luminous (oxidising part) flame of 
the Bunsen burner using platinum wire. Some 
basic radicals impart characteristic colour to the 
flame. 


Colour of flame Radicals 
Golden yellow Na* 

Lilac | Kt 

Brick red Са? | 
Apple green | Ba? 

Crimson red s?* 

Greenish blue | Cu” | 


Borax Bead Test 


Q Borax is heated on a loop of Pt wire, colourless 


glassy bead of sodium metaborate and boric 
anhydride is formed. 


Na3B,O7-10H;0 —*> NajB,O; > 

2МаВО) + B203 

SS 

Glassy bead 
Coloured salts are then heated on the glassy bead, 
coloured metaborate is formed in the oxidising 
flame. 
CuSO, + В.0з —> Cu(BO ) + SO; 
Copper metaborate 
(Blue) 

In reducing flame we have 
2Cu(BO;), + C —> 2СиВО) + B;O; + CO 
2Cu(BOj); + 2C —> 2Cu + 2B)0, + 2CO 
Hence different colours appear in different 
flames. 


Colour in 
Metal Oxidising flame Reducing flame 
Hot Cold Hot Cold 
Copper Green Blue Colourless Brown red 
[Brown | Pale Bottle E Bottle Б 
Iron | 
yellow |yellow — green green 
Chromium Yellow |Green Green Green 
Cobalt ^ Blue [Blue ^ Blue Blue 
| 
Manganese Violet Een = Colourless Colourless 
Nickel Brown Brown Grey Grey | 
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Charcoal Cavity Test (Reduction test) 


a 


Salt is heated with fusion mixture (Ма›СОз and 
K5CO)) in a charcoal cavity in reducing flame to 
form metallic oxides which are left as coloured 
residues. The colour of the residue being 
characteristic of the basic radical present. 


Cobalt nitrate Test 


a 


If the residue in charcoal cavity test is white, 
moisten it with a drop of cobalt nitrate and 
on heating in an oxidising flame, colour of the 
residue will change. 

Cobalt oxide, formed as a result of decomposition 
of cobalt nitrate, combines with metallic oxides 
to form coloured compounds, which are 
characteristic of basic radicals. 


Key Points 
О Some salts change colour on heating e.g., 
CuSO,5H,0 —- White 
Blue 
Сос — Blue 
Pink 
Ni —» Yellow 
Green 
Q Cobalt nitrate test should be performed 
with 2-3 drops of cobalt nitrate solution 
otherwise black cobalt oxide is formed 
which will mask the colour of the residue. 


Wet Test 


a 


a 


Identification of acidic radicals: Most of the salts 
liberate gas on treating with dilute hydrochloric 
acid or dilute sulphuric acid and concentrated 
sulphuric acid. 
Some salts do not respond to any of these acids. 
О Depending on this behaviour, acidic radicals 
are divided into three groups: 
= Group І : This group consists of radicals 
which are detected by dilute H3504 
or dilute HCl. These are (i) carbonate, 
(ii) sulphite, (iii) sulphide, (iv) nitrite and 
(v) acetate. 
- Group II : This group consists of radicals 
which are detected by concentrated 
H5SO,. These аге (i) chloride, (ii) bromide, 
(iii) iodide, (iv) nitrate and (v) oxalate. 
= Group Ш : The radicals which do not give 
any characteristic gas with dilute and 
concentrated H5SO,. These are 
(i) sulphate, (ii) phosphate, (iii) borate 
and (iv) fluoride. 


О Group I acidic radicals : Salt + dilute НСІ or dilute H3SO4 
- Effervescence or evolution of gases indicates the presence of group I acidic radicals. 


Observation | Саз Radical Reactions 
Colourless, odourless gas CO, Carbonate NaCO; +H SO, —> NaSO; + H20 + СОТ 
turns limewater milky. (СО?) Salt 
Turbidity disappears on Ca(OH);* CO, —> CaCO; + HO 
prolonged passage of Limewater White ppt. (milky) 
as. CaCO; + H20 + CO; —> Ca(HCO3); 
Б 
White ppt. Soluble 
Colourless gas with smell | HS Sulphide | Na;S + HSO, —> NaSO; + Н57 
of rotten eggs and turns (77) Salt 
lead acetate paper black. (CH3COO);Pb + H58 —> PbS} + 2CH4COOH 
Gives violet coloured Black ppt. 
soluble complex with NayS + Na?[Fe(CN)sNO] —> Nay[Fe(CN)sNOS] 
sodium nitroprusside Sodium nitroprusside Violet 
solution. 
Colourless раз with SO, Sulphite NaSO; + H2SO4 —> Na SO, + H20 + 50,7 
suffocating odour having, (503) Salt 
smell of burning sulphur K3Cr?0; + 380; + Н250. —> 
and turns — acidified K;SO, + Cr;(SO4); + H2O 
potassium dichromate Green 
solution green. White NaSO; + BaCl, —> BaSO3! + 2NaCl 
ppt. appears with barium Salt White ppt. 
chloride solution soluble BaSO; + 2HCl —> BaCl; + НО + 50,7 
in dilute hydrochloric White ppt. Soluble 
acid. | | 
Colourless gas followed NO, Nitrite | 2NaNO; + H0, —> Na;S0, + 2HNO; 
by brown gas and turns (NO3) Salt Nitrous acid 
ferrous sulphate solution , SHNO —> H;O + 2NO + HNO3 
brown. 2NO + O; — 2NO;T 
Brown 
FeSO47H50 + NO —> [Fe(H20)5NO]SO, + 2Н2О 
Brown 


Colourless gas with smell CH3COOH Acetate 


2СНСООМа + H;SO, —> 2CH3COOH + Na,SO; 


of vinegar and turns (CH3COO) Salt 
neutral ferric chloride 3CH3COONa + FeCl; —> (CH3COO)3Fe + 3NaCI 
solution blood red. Gives Salt Blood red 
smell of vinegar with COOH COONa 
oxalic acid. 2CH3COONa + | —› | + 2CH3COOH 
| Salt COOH COONa 
Key Points 


О Sulphides of lead, cadmium, nickel, cobalt, antimony and tin are not decomposed by dilute HSO, 
therefore a pinch of zinc dust is added along with it. Conc. HCI should also be used. 


Zn + HSO; —> ZnSO, +2Н 
PbS + 2H —> Pb + HS 


О Carbonates of bismuth and barium are not easily decomposed by dil. Н25О.. Dil. НСІ should be 


used. 


О Lead carbonate reacts with НСІ or H2SO, to give, in the initial stage, some effervescene but the 
reaction slows down due to the formation of a protective insoluble layer of PbCl or PbSO, on the 


surface of remaining salt or mixture. 
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О Group П acidic radicals : Salt + conc. HSO; or conc. НСІ and heat (if necessary) 
- Effervescence or evolution of gases indicates the presence of group II acidic radicals. 


Observation Gas | Radical | Reactions 
Colourless gas with pungent smell НСІ Chloride NaCl + Н50; —> NaHSO, + НСІ? 
and gives white dense fumes with (СГ) Salt 
ammonium hydroxide. Gives NH,OH + НСІ —> NH4CI + НО 
white ppt. with silver nitrate ibaa байа 
solution soluble in ammonium НСІ + AgNO; — Age + HNO; 
hydroxide. Gives yellowish-green Ppt 
gas with suffocating odour on iui eu 2NH,OH > Pemi Wae *2Hj0 
heating with manganese dioxide 2NaCl я MnO; + 3Н›5О; — 2NaHSO; 
and concentrated sulphuric acid. +MnSO, + 290 + Ch? 
Yellowish green 
Brown gas which intensifies оп Brz Bromide NaBr + Н50; —> NaHSO, + HBr 
addition of manganese dioxide. (Br) Salt 
Gives pale yellow ppt. with silver 2HBr + H;SO, —> BrzÎ + 2H;O +50, 
nitrate solution partially soluble in Brown 
ammonium hydroxide. 2NaBr + MnO; + 3H550, —> 2NaHSO, + MnSO, 
Salt * 2H30 + Br; 
Brown 
AgNO;+HBr—>  AgBrl + HNO3 
Pale yellow ppt. 
AgBr + 2NH4OH —> [Ag(NH3);]Br + 2H;O 
Pale yellow ppt. Soluble 
Deep violet gas which intensifies I, Iodide 2КІ + 2H;SO, —> 2KHSO, + 2HI 
on adding manganese dioxide. (Г) Salt 
Gives yellow ppt. with silver 2HI+H,SO,—> БТ + SO; *2H;0 
nitrate solution insoluble т Violet 
ammonium hydroxide. 2KI + MnO; + ЗН:50; —> 2KHSO, + MnSO, 
Salt +2Н;О « bT 
Violet 
AgNO;*HI — Ар +HNO; 
Yellow ppt. 
Agl + NH4OH —> Not soluble 
Yellow ppt. 
Light brown gas having pungent NO» Nitrate | NaNO; + Н›5О, —> NaHSO, + HNO; 
smell, intensifies on adding copper (NO7) Salt 
turnings. 4HNO; —> 2H,O0 + 4NO,Î + © 
Light brown fumes 
Cu + 4HNO; —> Cu(NO3) + 2NO;T +2Н2О 
Light brown fumes 
Colourless, odourless gas which CO+ | Oxalate | Na?C20, + H504 —> №а50; + НСО; 
burns with blue flame and turns CO, | (СОГ) Salt 


limewater milky. 


н›С›О; + [H9S0,] — CO + CO; + НО + [5S0] 
Burns with Turns lime 
blue flame water milky 


о 


Group Ш acidic radicals: These radicals cannot be detected by either dil. Н›50 or conc. Н25О.. 


For detection of these acidic radicals we need some specific tests. 


Observation Radical Reactions 
White ppt. is formed with barium Sulphate NaSO; + BaCl; —> BaSO,l + 2МаС1 
chloride solution which is insoluble (502) Salt White ppt. 


in concentrated nitric acid. 


30 CHEMISTRY TODAY | MARCH '14 


Yellow ppt. is formed with Phosphate Ca3(PO4)2 + 6HNO3 —> 3Ca(NO3); + 2H3PO4 

concentrated nitric acid and (POF) Salt 

ammonium molybdate solution. H3PO, + 12(NH4);MoO, + 21HNO; —> 
(NH4)3PO4'12MoO; } + 21NH4NO; + 12Н;О 

Canary yellow ppt. 

Green edged flame on igniting Borate 2Na3BO3 + 3H5850, —> 3Na2SO, + 2H3BO3 

the vapours evolved by heating (BO2) Salt 

the salt with ethyl alcohol and | НзВОз + 3C;H5OH —> (C2Hs)3BO3 + ЗНО 

concentrated sulphuric acid. | Ethyl borate 

Waxy white deposit on the glass Fluoride 2NaF + H»SO4 —> Na2SO4 + НЕ; 

rod is formed when а small (Е) Salt Hydrofluoric acid 

amount of salt with equal amount SiO;*2H;F; — SiFy + 2НО 

of sand is heated with concentrated Silica Silicon tetrafluoride 

sulphuric acid on placing a glass 3SiF4 + 4H;O —> H4SiO, + 2H;SiF; 


rod moistened with water. 


Silicic acid 
(Gelatinous white) 


Key Points 
О Test for fluoride should be performed in 
perfectly dry test tube, otherwise waxy 
white deposit will not be formed on the 
rod. 
о HgCl; and NH,CI also produce a deposit 
under these conditions, but this deposit is 
crystalline in nature. 


Confirmatory Tests for Some Acidic Radicals 
о Chloride (CI) 

О Chromyl chloride test : On heating salt with 
concentrated sulphuric acid in the presence 
of potassium dichromate, deep red vapours 
of chromyl chloride are evolved. 


NaCl + Н50; —> NaHSO, + НСІ 
Salt 


K,Cr,O7 + 29,50, —> 
2KHSO, + 2CrO; + НО 
CrO;+2HCI—> CrO,Cl, + но 


Chromyl chloride 
(Red vapours) 


These vapours on passing through sodium 
hydroxide solution give yellow solution of 
sodium chromate. 

CrO Cl, + 4NaOH —> Ма›СгО; + 2NaCl 
+2H,0 
The yellow solution on neutralising with 
acetic acid and on additing lead acetate gives 
yellow precipitate of lead chromate. 
Na3CrO, + (CH3COO);Pb —> 


РЬСгО; + 2CH3;COONa 
Yellow ppt. 


Yellow colour 


О Bromide (Br) 

О Layer test : On treating salt with dilute 
sulphuric acid, chloroform or carbon 
tetrachloride and chlorine water gives brown 
coloured layer. 

Chlorine replaces bromine that dissolves in 
chloroform. 
2NaBr + Cl; —> 2NaCl + Br; 
Salt 
Br; + Chloroform —> Brown coloured layer 
о Iodide (Г) 

О Layer test : On treating salt with dilute 
sulphuric acid, chloroform ог carbon 
tetrachloride and chlorine water, gives violet 
coloured layer. 

Chlorine replaces iodine that dissolves in 
chloroform. 
2Nal + Cl; —> 2NaCl + Iz 
Salt 
I; + Chloroform —> Violet coloured layer 

О Starch paper test : Violet vapours with starch 
paper give blue colour. 

I, + Starch —> Ip-starch complex 
Blue colour 
о Nitrate (NO3) 

O Brown ring test : On treating aqueous solution 
of salt with freshly prepared solution of 
ferrous sulphate and concentrated sulphuric 
acid, gives a brown ring at the junction of two 
liquids. 

NaNO; + Н›5О, —> NaHSO, + HNO; 
Salt 
6FeSO, + 2HNO; + 3H;50, —> 
3Fe2(SO4)3 + 4Н2О + 2NO 
[Fe(H;O)g]SO,:H5O + NO — 
Ferrous sulphate [Fe(H9O)sNO]SO, + 2H;O 


Brown ring 
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о Oxalate (C,07) 


о 


On acidifying sodium carbonate extract with 
acetic acid and on adding cadmium chloride 
solution gives white precipitate. 

Filter and dissolve the precipitate in dilute 
sulphuric acid and add few drops of 
potassium permanganate solution. The colour 
of potassium permanganate is discharged 
indicates the presence of oxalate. 


Na;C;0, + CaCl; —> СаСО} + 2NaCl 
Sodium carbonate White ppt. 
extract 


CaCO; + Н›5Оу —> НСО, + CaSO, 


Q While performing layer test for bromide 


and iodide ions, excess of chlorine water 
should be avoided. 

Under such conditions, the layer attains 
pale yellow colour due to the formation 
of bromine monochloride or becomes 
colourless due to the formation of 
hypobromous acid in case of bromide and 
iodic acid in case of iodide. 

Br; + Cl; —> 2BrCl 


Bromine 
monochloride 


Br; +2H,0 + Cl; — 2HBrO +2НС1 


2KMnO, + 3Н250. —> Hypobromous acid 
бое 220: S2MISOLESHIO +5101 b +5СЬ +690 —> 2HIO;  10HCI 
| + [O] —> 2CO, + H2O ЕО 
СООН 
О Identification of basic radicals : Analysis of 
Key Points basic radicals involves three steps : 

о With conc. HSO, group I radicals behave O Preparation of the original solution of the salt 
in the same way as with dil. H?SO,. or mixture. | р : , 

О Before testing acetate with neutral ferric O Separation of basic radicals into different 
chloride solution, make sure that the Gps, =. ; б 
solution is free from ions, carbonate, Ө Analy. sis of the precipitates obtained m 
sulphite, phosphate and iodide as they different 1 groups and confirmation of the 
combine with ferric ions. basic radicals. 

О Chlorides of mercury, tin, silver, lead Preparation of the Original Solution of the Salt or 
and antimony do not respond to chromyl Mixture 
chloride test. This test is performed by О Original solution is prepared by using following 
taking residue obtained after evaporation solvents in the given order only. 
of sodium carbonate extract. O Cold water 

О Chromyl chloride test is performed in a O Hot water 
dry test tube so that vapours of chromyl о Dilute HCI 
chloride do not get hydrolysed. О Concentrated НСІ 
СОС +2Н5О —> H;CrO, + 2HCI Separation of Basic Radicals into Different Groups 

О Brownring testisnotreliableinthe presence | | Q For systematic analysis, the basic radicals are 
of nitrite, bromide and iodide ions. classified into different groups. 

О While performing confirmatory test for| | Q Each group has specific reagent, which shows the 
oxalate, in presence of fluoride, a white presence of the basic radicals belonging to that 
precipitate of CaF is also formed by the particular group. 
addition of CaCl solution. But CaF, does | | Q Маке sure that the radical is completely removed 
not. dissolve in: dil. H;SO, and does not using excess of group reagent so that it does not 

Ва а аА. NN create any difficulty in next group. 

Group Group reagent Basic radical Composition and colour of the precipitate 
I Dilute НСІ Ag. AgCI: white Chlorides are insoluble 
Pb** РЫСЬ: white in cold dilute НСІ. 
Hg: HgsCly: white 
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П H3S in presence | Hg” | Нр : black Sulphides are insoluble 
of dilute НС! Pp? PbS: black in dilute HCl. 
Bi?* В1553: black 
(eite Сиб: black 
ced CdS: yellow 


АБЗ А553: yellow 
So” 553: orange 
Sn? SnS: brown 
| | Sn** 5п5: yellow 
ш NH,OH in presence Fe” Fe(OH);: reddish brown | Hydroxides are 
of NH4CI Cr” Сг(ОН)з:тееп insoluble in NH4OH. 
AP* АКОН)-: white 
IV HS in р ZnS: greenish white Sulphides are insoluble 
presence of NH4OH Mn” MnS: buff in NH4OH. 


Со? CoS: black 
Мм?” NiS: black 


V (NH4);CO; in Ba2* BaCO;;: white Carbonates are 
presence of NH4OH Sr” SrCOs: white insoluble in NH4OH. 
Са? СаСОз: white 
Ма›НРО in presence | " | ae 
м of NH,OH | Mg? | Mg(NHA4)PO,: white 
Zero NaOH NH,* Ammonia gas is evolved. 


Analysis of the Precipitates obtained in Different Groups and Confirmation of the Basic Radicals 


= Group I Separate S — 
Original Dil. НСІ AgCI, РЫСЬ, Hg,Cl (All white) solution о Eure 
solution Insoluble chlorides od 


HS 


Group II 


Separate y 
A HgS, PbS, Bi S}, CuS (Black), 


Group MI 
Fe(OH); (Reddish brown), 


NH,OH in 
presence of 


Solution containing 


Cr(OH); (Green), groups Ш, IV, V RIE CdS, As,S3, SnS, (Yellow), 
Al(OH); (White) and VI 55.53 (Orange), SnS (Brown) 
Insoluble hydroxides Insoluble sulphides 


Group IV 


= ыы ZnS (Greenish white), Separate 
Solution containing MnS (Buff), solution Solution containing 
groups IV, V and VI CoS, NiS (Black), я groups V and VI 


Insoluble sulphides 


Separate 
solution 
from ppt. 


Separate GU (NH,),CO, 

- = 5 рУ їп ргеѕепсе 

атаа solution | BaCO, 5:СО», CaCO; (All white) их 
group Insoluble carbonates 
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Na, HPO; 
in presence 


Group VI 
Mg(NH,)PO, (White) 


Q Precipitation of basic radicals using group О Kg is the ionic product when the solution is 


reagents in various groups depends on saturated. 
O Common ion effect : The ionization of a Г 
weak electrolyte or sparingly soluble salt | Condition | Precipitation Nature of | 
is suppressed by the addition of another | | _ solution — 
electrolyte containing a common-ion. This is Kip > Ksp Y Supersaturated 
known as common-ion effect. 
O Solubility product : For a salt, A,By; Kip < Ksp x Unsaturated 
Ksp = [А [BP E | | 
If S is the solubility of A,B, then Kp К * Satiirated 
Ky =S J (At equilibrium) 
Group | Precipitate as Explanation | 
I Chlorides К.р values of chlorides of group I are low, hence their ionic products easily 
exceeds the solubility product and they get precipitated. Others have higher K;, 
values hence not precipitated. 
Il Sulphides Ksp values of sulphides of group II are low, hence precipitated by low [S*] ion. | 


НСІ (with common Н? ion) decreases the ionization of H5S which gives low [S^]. 
Hence, group П is precipitated. Others with higher K;, values are not precipitated. 


Ш  Hydroxides Ks values of hydroxides of group Ш аге low. NH4CI (with common NHj ion) 
decreases the ionization of NH4OH giving low [OH ]. Hence, group IIl is precipitated. 
ТУ Sulphides Ksp values of sulphides of group IV are high, hence precipitation takes place in 
higher [S>]. Basic medium increases the ionization of H3S, thus increasing [S], 
_hence precipitation of group IV occurs. ] 
V — Carbonates К, values of carbonates of group V are less than that of group VI (Mg?) hence 
group V is precipitated before Mg?*. 
VI White ppt. - | 
Mg(NH,)PO, | 
Zero — Tested independently from original solution. 


Preparation of Inorganic Compounds PRACTICAL ORGANIC CHEMISTRY 


О Mohrs salt (Ferrous ammonium sulphate) 
О Itis a double salt containing ferrous sulphate 


and 


e Introduction 


ammonium sulphate in equimolar $- Ойл analysis 


amounts. TIPS TO REMEMBER 


О It is prepared by dissolving an equimolar 
mixture of hydrated ferrous sulphate and | Qualitative Analysis 
ammonium sulphate in water containing a о In addition to carbon and hydrogen, organic 
little of sulphuric acid. compounds may also contain oxygen, nitrogen, 


FeSO,7H5O + (NH,SO, —> 


Q Potash alum (Phitkari) 

О It is a double salt containing potassium 
sulphate and aluminium sulphate їп 
equimolar amounts. 

О It is prepared by dissolving an equimolar 
mixture of hydrated aluminium sulphate 
and potassium sulphate in water containing 
a little of sulphuric acid. 


sulphur, halogens and phosphorus. 
FeSO,-(NH4)2504°6H20 + ЊО О The qualitative analysis of organic compounds 
involves the detection of all these major 
elements present in it with the help of suitable 


chemical tests. 


Detection of Extra Elements (N, S, halogens) in 
Organic Compounds 
О The elements other than C, Н and О are called 


K250; + Al(SO4),18H;O + 6H;O Ay extra elements. 


K SO4-Alp(SO4)3:24H,O | У The elements are usually tested in the form of 
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ions. Since organic compounds are covalent in metal which is plunged in distilled water, boiled 


nature, they do not ionize. Therefore, to convert and filtered. 
elements present in organic compounds into О The filtrate is called Lassaigne's extract or 
ions, the organic compound is fused with sodium sodium extract. 
Element Detection Confirmatory test | Reactions 
Nitrogen Lassaigne's extract (L.E.) Т.Е. + FeSO, + NaOH, boil FeSO, + 2NaOH —> Fe(OH) 
Na +C +N —» NaCN and cool + FeCl; + conc. НС! + Ма›504 
(LE) Gives blue or green colour. Fe(OH), + 6NaCN —> 
МацЕе(СМ)в]  2NaOH 
| Na4[Fe(CN),] + FeCl; Ael» 
NaFe[Fe(CN)] + 3NaCl 


Prussian blue 


‘ог 3Na4[Fe(CN);] + 4AFeCl; —> 


Fes[Fe(CN)«]3 + 12МаС1 
Prussian blue 
Sulphur ома 35 Nays ÖLE. + sodium — (i) Ма›5 + Nas[Fe(CN)sNO] —> 
(LE) nitroprusside Sodium nitroprusside 
A deep violet colour. Na4[Fe(CN)5NOS] 
(ii) L.E. + CHCOOH Deep violet 
Е + (СНЗСОО)РЬ у ма, + (CHCOO);Pb ESO, 
Gives'a Plack ppt: PbS! +2СН.СООМа 
Black ppt. 
Halogens Na. c] —» NaCl Г.Е. + HNO; + AgNO; | HNO, 
(L.E) (i) White ppt. soluble in |NaX + AgNO3 uu 
aq. NH3 (or NH4OH) 
confirms Cl. Ae ЧН) ? [Ag(NH3;ICI 


(ii) Yellow ppt. partially 
soluble in ад. NH3 (ог 
NH,OH) confirms Br. 

(iii) Yellow ppt. insoluble 
in aq. NH; (or NH4OH) 


confirms I. | 
Nitrogen Na+C+N+S—4>NaSCN Аз in test for nitrogen; NaSCN + FeCl; —> [Fe(SCN)]Cl; 
and sulphur (LE) instead of green or blue Blood red colour 
bostes Sodium colour,bloodredcolouration * NaCl 
thiocyanate confirms presence of N and 
S both. 


Key Points 
О When sodium fusion is carried out with excess of sodium, thiocyanate decomposes to cyanide and 
sulphide ions which give their usual tests. Thus, we do not get blood red colour with ferric chloride 
even though N and S both are present. 
Na+C+N+S—>  NaCNS 
Sodium thiocyanate 


NaCNS + 2Na —> NaCN + Ма›5 


Lassaigne's test fails in case of compounds which contain nitrogen but no carbon e.g., hydrazine 
(NH2NH)) and hydroxylamine (NH;OH). 
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Functional Group 

О Anatom or group of atoms that largely determines the properties of an organic compounds. 

Q Detection of functional groups : Hydroxyl (alcoholic and phenolic), carbonyl (aldehyde and ketone), 
carboxyl, amino and nitro groups in organic compounds. 


Test | Reaction Confirmation 
(A) Detection of unsaturation 
(i) | Baeyer’s ог KMnO, | 2KMnO, + НО —> 2KOH + 2MnO; + 3[O] Disappearance of pink colour 


test of KMnO,. 
$с=с@ «Ho«[0]— 2е-<< * 
ОН OH 
(i) | Bry - CCl, test | Br Disappearance of brown 
Ус=с< +Br, («еу 2е-<< colour. 
| Red 
| | brown Вг 
(B) Detection of alcoholic group 
(i) | Ester test | RCOOH + R’ - OH cone. 504 RCOOR' Fruity smell of ester indicates 
2 Ester — OH group. 
(i) | Ceric ammonium | 2ROH + (NH4);[Ce(NO3)s] —> Appearance of pink or red 
nitrate test | [(ROH);Ce(NO3)] + 2NH4NO; colour. 
| | Pink or red | 
(iii) | Xanthate test кон + KOH.) ^» ROK' но Formation of yellow ppt. 
| А Pot. alkoxide " 
SK 
| e VA 2 
КОК + ех. — наа" 
Pot. alkyl xanthate 
(Yellow ppt.) 
|, (C) Detection of phenolic group Е 
(i) | FeCl; test | FeCl; + 6C;H5OH —> Appearance of violet 
[Fe(OC;Hs)s P + 3H* + ЗНС! colouration. 
| Violet 
(ii) | Azo dye test C6H5NH3 + NaNO, + НСІ —> СоН5М5СГ | Formation of orange or red 
CeHsN3CI + CgHjOH PEAY, dye. 


| p-Hydroxyazobenzene 
(iii) Phthalein test ог 
fluorescein test 11 


о 
ll C 
|; Phthalic уе: pe m сї Маон С 
і А-н Б p ó 
a 


i Pink 
OH OH Phenolphthalein ini 
(Colourless) 


Phenol (two molecules) 


| Appearance of green, blue, pink, purple or red fluorescent solution. 
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(iv) Br?-H5O test OH OH Appearance of white ppt. 
Br. Br 
+3Bry — +3HBr 
Br 
White ppt. 
(v) | Liebermann's nitroso NaNO, Tautomerises . 


СОН во > НО- C,H,- N=0 


test P-Nitrosophenol 
о м-он ію!» о N OH 
H50, 
7 Я Indophenol 
оң стз (Red) 
[you 
De O-9s 
Indophenol sod. salt 
(Blue) 
Appearance of deep blue or green colour which turns red on dilution and 
again blue on adding sodium hydroxide solution. 
(D) Detection of carbonyl group 
Aldehydic/Ketonic group | 
(i) Brady’s reagent NO, Appearance of yellow, 
(2, 4-DNP) test \ orange or red ppt. 
7E =O + HNNH NO, 
24-Dinitrophenylhydrazine 
NO, 
Neo 
2С=ммн NO; 
Yellow, orange or red ppt. 
(ii) боа. bisulphite test OH Appearance of white ppt. 
P Ус=0+ Nauso,— XC БЕ РЕ 
505 М№а* 
White ppt. 
Aldehydic group 
(i Tollens’ test RCHO + 2[Ag(NH3);]OH —> Formation of silver mirror 


RCOONH, + ЗМНз + НО + 2Ag( 


Silver mirror 


along the sides of the test 
tube. 


(i) ^ Fehling’s test RCHO + 2Cu?* + 30H” —> A red ppt. is formed (only by 
2Cu'l«RCOO"*2H;O aliphatic aldehydes). 
Red ppt. 
(iii) | Schiff's test RCHO + p-rosaniline hydrochloride | Appearance of pink colour. | 
(Colourless) 
(iv) Benedict's test RCHO + 2Cu(OH) + NaOH —> Appearance of red ppt. 
RCOONa + СиО + ЗНО 


Red ppt. 
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Ketonic group 


(i) 


Iodoform test 


R-CO- CH; + 3b + 4NaOH —> Formation of yellow ppt. of 
3Nal + СН + RCOONa *3H;O CHI; (for methyl ketones 
Yellow ppt. only). 


(ii) 


Sodium nitroprusside 
test 


RCOR + sodium nitroprusside solution Appearance of  wine-red 


+NaOH colour. 


(E) Detection of carboxylic group 


(i) 


Litmus test 


Blue litmus paper turns red. -COOH group may be 


present. 


(ii) | NaHCO; test RCOOH + NaHCO; —> Brisk effervescence of СО» | 
MEER EXAM RCOONa + H20 + СОТ indicates -COOH group. | 
iii Conc. H50, i Ё 
(iii) | Ester test RCOOH + НОН onc. > " Fruity smell of esters formed. | 

RCOOC?Hs + НО 

(iv) | FeCl; test 3RCOOH + 3NH4OH + FeCl; —> Red : acetic acid, formic acid | 

(RCOO)3Fe + 3NH,Cl + 3Н;О | No colour change : oxalic acid | 

{н о Violet : salicylic acid 
2 : М 
Вий : benzoic acid 
Fe(OH)(OOCR) + RCOOH 
Basic iron salt 

(F) Detection of amino group 


| Nitrous acid test 


____ Primary amines — 


|R-NH;*HNO; > К-ОН+№1+Н.О | № effervescence indicates 1° | 


amino group. 


Carbylamine test 


Offensive smell of isocyanide | 
indicates 1° aliphatic ог’ 
aromatic amino group. 


R-NH;*CHCl, +3KOH > 


R-N =È C + 3KCI + 3H;O 
Isocyanide 


Azo dye test 


CsHsNH + NaNO, + НА EI C;HSNiCI- A red or orange coloured dye | 


confirms 1? aromatic amino | 
COM 


group. 
B-Naphthol 


N=N 


o" 


Orange azo dye 


Secondary amines 
(i) |Liebermann's nitroso | С.Н; - - Н+ HNO, ——> Formation of a yellow oily 
test | сн nitrosoamine indicates 2° 
єн; 3 aliphatic or aromatic amino | 


| 
СЬН5-М-М=О +Н.О group. 


Nitrosoamine | 


| (С) Detection of nitro group 
(i) | Mulliken Barker test КМО + 4[H] Zn: NH.Cl > RNHOH «HO ee of grey black 
RNHOH + 2[Ag(NH3)2]OH —> 
RNO + 2H,0 + 4NH; + 2Agl 
Grey black ppt. 
(i) Ferrous hydroxide КМО» * 6Fe(OH); +490 —> Appearance of brown ppt. 
test Light green RNH; + 6Fe(OH)sl 
Brown ppt. 
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Distinctions 


[ |. Test _  . Phenol | Alcohol 
| Blue litmus test Turns red x 
FeCl; test Givesblue, violet, green x 
or red colouration 

Azo dye test Forms orange-red " 
| _ colour dye | 
Br2-water test ^ Gives white ppt. x 

Test Phenol Carboxylic acid 
NaHCO; test x | Gives brisk 

| effervescence 
Test | Aldehyde Ketone 
Tollens' test Gives shiny silver x 
mirror 

Fehling's Gives red ppt. x 
solution test 
Schiff's reagent test Gives pink x 
| | colour | | 
Reduction with Reduced to 1? Reduced to 
LiAIH4 alcohol 2° alcohol 
Peroxy acid (Caro's Acid is formed. ^ Ester is 
acid, peroxy formed. 


benzoic acid) 


Key Points 


О Cerric ammonium test for alcoholic group, 
is not reliable as many aromatic amines 
which are easily oxidisable also give this test. 
О Some phenols also react with cerric 

ammonium nitrate to give green or 
brown ppt. 

О Alcohols on reaction with sodium metal 
give brisk effervescence due to the 
evolution of hydrogen gas which burns 
with ‘pop’ sound. 
2ROH + 2Na —> 2RONa + Н? 

O This test is not specific for alcohols as 
phenols and carboxylic acids also give 
this test. 

Q Ferric chloride test for phenolic group is 
not reliable as it is also characteristic of 

OH 
| 


enols | —C —C-— |. 

О Sod. bisulphite test is given by most of the 
aliphatic aldehydes and methyl ketones 
which are not sterically hindered such 
as acetaldehyde, acetone, ethyl methyl 
ketone. 


О Among aromatic aldehydes апа 
ketones, only benzaldehyde gives this 
test but acetophenone, benzophenone 
do not give this test. 

О Iodoform test is given by only methyl 
ketones (ketones containing —COCH3 
group). 

Q NaHCO; test for carboxylic group, is 
not reliable since some phenols such as 
2, 4-dinitrophenol and 2, 4, 6-trinitrophenol 

(picric acid) also respond to this test. 


Preparation of Organic Compounds 
О Acetanilide : It is an acetyl derivative of aniline. 
О Itis prepared by acetylation of aniline. 


пп 
«ОУ мнь+сн,-с-о-с-сн eon, 
Acetic anhydride 


о 
П 
LOX- NH- C- сн, +снусоон 


Acetanilide Acetic acid 


о 
n Pyridine 
(OX nn, + cn, -C- qi 9, 


Aniline 


Aniline Acetyl chloride о 
O NH- C- CH; + HCI 
Acetanilide 


O Itis nucleophilic acyl substitution reaction in 
which aniline acts as nucleophile and acetic 
anhydride acts as an electrophile. 
О p-Nitroacetanilide : It is a nitro derivative of 
acetanilide. 
О Itis prepared by nitration of acetanilide with 
nitrating mixture. 


NHCOCH, 


conc. HNO3 + conc. Н;50, 
<25°С 
Acetanilide 


NHCOCH, NHCOCH, 


NO; 


o-Nitroacetanilide 


NO; 
(Minor) 


p-Nitroacetanilide 
(Major) 

It is an electrophilic substitution reaction in 

which acetanilide acts as nucleophile and 

nitronium ion acts as an electrophile. 
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о 


о 


Aniline yellow : It is p-aminoazobenzene. 
O Itis prepared by coupling benzenediazonium 
chloride with aniline in acidic medium. 


(ov N=ncr «(Oy мн, 
«ОУ-м=мОу- NH, + Hd 


Aniline yellow 
Iodoform : It is triiodomethane. It is used as a 
mild antiseptic and disinfectant. 
О Itis prepared by treating organic compound 
OH 


| 
containing CH,—CH — (ethanol, propan-2-ol, 
о 


11 
butan-2-ol) ог СН; C— (acetone, butan-2-one, 
acetophenone) with iodine in presence of 
sodium hydroxide. 


CH,CH,OH SOs CH,CHO (Oxidation) 


CH,CHO К > CICHO. (lodination) 
CICHO* NaOH — 
СНІ;+ HCOONa (Hydrolysis) 
Iodoform 
O With acetone no initial oxidation takes place. 
CH,COCH; — 9 —, CLCOCH; 


(lodination) 


Hydrolysis 
СЬСОСН, + NaOH — — —» CHI 


* CH3COONa 


PRACTICAL PHYSICAL CHEMISTRY 


Introduction 
Titrimetric exercises 


TIPS TO REMEMBER 


Titrimetric Exercises 


a 


D 


D 


It is а method of determining the strength 
(molarity/normality) or concentration of one 
solution using another solution of known 
strength under volumetric conditions. 

Method of finding the volume of one solution 
which reacts with a definite volume of another 
solution is known as volumetric analysis. 
Titration : It is the process of adding one known 
solution (standard solution) from the burette to 
another unknown solution taken in the conical 
flask till the reaction between the two solutions 
is complete. 
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Standard solution : It is a solution of known 

strength. 

О Primary standard solutions : They can be 
prepared directly by dissolving a known 
weight of the substance and making a known 
volume of the solution. e.g., oxalic acid, 
sodium carbonate, Mohr's salt. 

O Secondary standard solutions : They cannot be 
prepared directly by weighing. e.g., KMnO4 
or hygroscopic substances like NaOH, KOH, 
or whose concentrations are known only 
approximately like НСІ, H5SO,, etc. 

Titrate : It is the substance whose concentration is 

to be determined by titration. 

Titrant : It is the solution of known strength 

(usually taken in the burette). 

Indicator : It is the substance which indicates the 

end point of titration (by change of colour). 

Equivalence (end) point : It is the point at which 

the chemical reaction involved in the titration is 

just complete. 

Strength of a solution : It is the amount of solute 

in grams present per litre of the solution. 

О Strength (g/L) = Normality х Eq. wt. 

O Strength (g/L) = Molarity x Mol. mass 


Normality equation: МУ, = NoV2 
(Solution 1) (Solution 2) 

Molarity equation: MjV;mi = M2V2n2 
(Solution 1) (Solution 2) 


[^ N2M xn, where п = valency factor] 
Percentage purity of a given salt 
_ Strength of pure sample 


= х100 
Strength of given sample 


Types of Titrations 


a 


Acid-base titrations : In acid-base titration, 
the amount of an acid or base is determined by 
titrating it against a standard solution of base 
or acid respectively. It involves neutralisation 
reaction. 
H' + OH —» НО 
Fromacid Frombase Water 
O Choice of indicators : The choice of an indicator 
should be made in such a way that indicator 
used shows change in colour in the same pH 
range as developed around the equivalence 
point. 
e.g. Phenolphthalein: HPh == H* + Ph* 
Colourless Pink 


Methyl orange : MeOH == Me* + ОН” 
Yellow Red 


Acid 


Alkali 


Indicator End point 


Strong acid (НСІ, Н504, HNO3) 


Strong alkali (NaOH, KOH) | Phenolphthalein Pink to colourless | 


ormethylorange or yellow/orange 


to red, vice versa 


Weak acid (oxalic acid, acetic acid) 


Strong alkali (NaOH, KOH) | Phenolphthalein 


Pink to colourless, 
vice versa 


Strong acid (НСІ, HSO, HNO;) | Weak 


alkali 
NaHCO , KHCO;, NH,OH) 


(NazCO3, | Methyl orange Yellow/orange to 


red, vice versa 


Q Redox titrations : These titrations proceed with 
transfer of electrons among the reacting ions in 
aqueous solutions. 

О Titration of oxalic acid vs KMnO,; 
COOH 
- 2KMnO, *3H;S0, +5 | 2H;0—» 
COOH 
K,SO, + 2MnSO, + 18H20 + 10CO, 
- Calculations 


Mxmino, ХУкмпо, — 2 
Moxatic acid X Vo; 5 
О Titration of Mohrs salt vs KMnO4 
- 2KMnO, *8H;SO, + 
10FeSO, (NH49$04:6H;0 —> 
KSO; + 2MnSO, + 5Fe(SO,), + 
10(NH4):SO, + 68H20 


xalic acid 


- Calculations 
Мкмпо, XVkMn0, 1 


Mmohr's зай XVMohrssatt 5 
Physical Chemistry Experiments 
О Enthalpy of solution of CuSO, 

О It is the amount of heat change involved 
during the dissolution of one mole of a solute 
in such a large excess of solvent so that no 
further heat changes occur on dilution. 
CuSO, + НО —> CuSO4q) 

о Dissolution of CuSO; in water is exothermic. 
The enthalpy of solution of CuSO, is 
calculated from the highest temperature 
attained during its dissolution. 

О Calculations : If dissolution of w g of CuSO4 
in 200 р solvent (water) causes АРС change in 
temperature, then 
Heat evolved (д) = Mass х Specific heat х 

Change in temperature 
q7200x42xAt] 
Enthalpy of solution of CuSO, in water 
BRL: 159.5 x10 Mj 
w 


О Enthalpy of neutralisation of strong acid and 
strong base 

О It is the enthalpy change accompanying 
neutralisation of one gram equivalent of a 
base by an acid in dilute solutions at a given 
temperature. 

NaOH aq) + НСІ — NaCl + H2O(n 
It is an exothermic reaction. 

О The heat of neutralisation of a strong acid 
by a strong base in their dilute solutions 
is generally 57.3 kJ. The reaction may be 
represented as 
Н) + OH (aq) —> H20, AH = -57.3 К]. 

© Calculations : Heat evolved during neutrali- 
sation of 100 mL of 0.5 N HCl, 

q = (200 + w) x At x 4.2 J, where w is water 
equivalent of calorimeter (given). 
Thus, enthalpy of neutralisation of 1000 mL 


а. : 
of 1 N HCl апа NaOH = $5510 kJ 


Preparation of Sols 

О Acolloid is a heterogeneous system in which one 
substance is dispersed (dispersed phase) as very 
fine particles in another substance (dispersion 
medium). 

О Lyophilic colloids : The colloidal solutions in 
which the dispersed phase have great affinity 
(or love) for the dispersion medium are called 
lyophilic colloids. 

О  Lyophobic colloids : The colloidal solution 
in which the particles of the dispersed phase 
have no affinity (or love) for the dispersion 
medium are called lyophobic colloids. 
= Such solutions are formed with difficulty 

and are unstable and are stabilised by the 
addition of a small amount of electrolytes, 
also called stabilizers. 

- In case the dispersion medium is 
water, the lyophobic colloids are called 
hydrophobic colloids. 

Q Preparation of lyophilic sols : These sols are 
prepared by shaking the lyophilic material with 
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the dispersion medium. eg. colloidal sols of 
gelatin, gum, starch, egg albumin, etc. 
Preparation of lyophobic sols : Colloidal sols of 
ferric hydroxide and aluminium hydroxide can 
be prepared by hydrolysis of FeCl; and AICI; 
with distilled water. НС! produced, is removed 
with dialysis. 
FeCl; + ЗНО —> Fe(OH); + 3HCI 

Red or brown sol 


AICI; +3H,0 —> AKOH); +3НС1 


Colourless sol 


Kinetic Study of Reaction of Iodide Ion with 
Hydrogen Peroxide at Room Temperature 


а 


42 


Hydrogen peroxide oxidises iodide ion (from KI) 

to iodine in acidic medium. 

НО) + 20а + 2H(uj —> Бад) + 2Н Оп 

O When this reaction is carried out in presence 
of a small amount of sodium thiosulphate 
and starch, the iodine produced first reacts 
with sodium thiosulphate as follows: 


2- 2- Е 
28203 (aq) + оа) —> S406 (aq) + 21 (aq) 


Questions 


A student was given 2 mL of solutions A and 
B separately. She added aqueous solution of 
NaHCO; in both the solutions and then she treated 
both solutions with neutral ferric chloride solution. 
Observations are recorded in the given table. 


Solutions | NaHCO; test FeCl; test 
A No reaction Violet colouration 
B Brisk Red colouration 
effervescence 


Solutions A and B are respectively 
(a) acetic acid and phenol 

(b) phenol and oxalic acid 

(c) formic acid and phenol 

(d) phenol and acetic acid. 


Lassaigne's test for which of the following organic 
compounds is positive? 

(a) Hydrazine (b) Hydroxylamine 

(c) Urea (d) Both (a) and (b) 
Which of the following radicals gives brown ppt. 
with Nesseler's reagent? 


(а) S (b) Мм” 

(c) мн (d) CH3COO* 
Radical that gives rosy red ppt. with DMG is 
(а) Cd? (b) Ni? 

(с) Mn? (d) Ba” 
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2 When thiosulphate ions get completely 
consumed, the liberated iodine reacts with 
starch solution to give blue coloured complex. 
12; + Starchyqg) —> Blue complex 
As the concentration of thiosulphate ion is 
kept constant, the different time taken (К) for 
the appearance of blue colour with change in 
concentration of either reactant indicates the 


relative rate of reaction. 


Initial rate < £ 
to 

O The rate of reaction decreases with decrease 
in concentration of KI. 

O The graph of 1/t, versus volume of KI solution 
is a straight line. 

O Rate of reaction « Concentration of KI 

O Similarly by keeping I ion concentration 
constant and taking different concentrations 
of H20, the rate w.r.t. НО» can be found out. 


In the study of oxidation of Г ions by H20% in 

presence of dilute H5SO,, and starch as a clock 

reaction, if excess of thiosulphate is added 

(a) blue colour will appear immediately 

(b) blue colour will appear very late 

(c) blue colour will not appear at all 

(d) heating will be required to obtain blue 
colour. 


Which of the following gives colourless, odourless 

gas which burns with blue flame and turns lime- 

water milky when treated with conc. Н;504? 

(à СОГ (b COS 

(© sot (d) SO 

In Lassaigne’s test, organic compound is fused 

with a piece of sodium metal so as to 

(a) convertthe covalent compound into a mixture 
of ionic compounds 

(b) decrease the melting point of the compound 

(c) increase the reactivity of the compound 

(d) increase the ionization of the compound. 


The compound formed in borax bead test is 
(a) orthoborate (b) tetraborate 
(c) boric acid (d) metaborate. 


Before testing for halogens, the Lassaigne's extract 
is boiled with 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


(а) сопс. НС1 (b) NaOH 
(c) conc. НМОз (d) Any of these. 


Which of the following radicals gives waxy 
gelatinous white solid on treating with sand and 
conc. H5S504? 

(a) BOS (b) F- 

(© СНСОО” (d) СОГ 


Which of the following reagents is used for the 
separation of acetaldehyde from acetophenone? 
(а) NHOH (b) NaOH +1, 

(с) NaHSO, (d) CeHSNHNH; 


Which of the following organic compounds gives 
blood red colour while performing Lassaigne's 
test for nitrogen? 

(а) (NH25CS (b) (NH2)2CO 

(c) NaSO; (d) Ма›СОз 


A violet colour with sodium nitroprusside in the 
test of sulphur in organic compound is due to the 
formation of 

(а) Nao[Fe(CN)sS] (b) Na4[Fe(CN)sNOS] 
(c) Nao[Fe(NO)(CN)s] (d) Nas[Fe(CN)s] 


Match the list I with list II and select the correct 
answer using the code given below the lists. 
List I List II 
Р Sr 1. Golden yellow 
о. к 2. Apple green 
R. Na* 3. Crimson red 
S. Ba” 4. Lilac 
POR S 
(ay 123 4 
(03 4 1 2 
(92143 
(94312 


Ап unknown compound ‘A’ C&H4Os, on 

methylation forms a methyl derivative whose 

molecular weight is 210. The number of -OH 

groups in 'A' is 

(а) 1 (b) 2 

(0 4 (4) 5 

In the titration of Mohr’s salt vs potassium 

permanganate, indicator used and the point of 

inflection is 

(a) phenolphthalein, colourless to light pink 

(b) methyl orange, red to yellow 

(c) methyl red, orange to yellow 

(d) potassium permanganate, colourless to light 
pink. 

Identify the incorrect statement. 

(a) 1 mole of KMnO, reacts with 2.5 moles of 
oxalic acid. 


18. 


19. 


20. 


21. 


23. 


(b) 1 mole of KMnO, reacts with 5 moles of 
Mohr's salt. 

(c) 1 mole of oxalic acid reacts with 0.4 moles of 
KMnO,. 

(d) 1 mole of Mohr's salt reacts with 0.5 moles of 
KMnO,. 

Choose the correct statement. 

(a) Dissolution of both anhydrous and hydrated 

copper sulphate in water is exothermic. 

Dissolution of both anhydrous and hydrated 

copper sulphate in water is endothermic. 

Dissolution of anhydrous copper sulphate 

in water is exothermic but dissolution 

of hydrated copper sulphate in water is 

endothermic. 

Dissolution of anhydrous copper sulphate 

in water is endothermic but dissolution 

of hydrated copper sulphate in water is 

exothermic. 


(b) 
(с) 


(9) 


In qualitative analysis NH,CI is added before 
NH4OH 

(a) to decrease [OH ] 

(b) to increase [OH ] 

(c) for making НСІ 

(d) all the statements are wrong. 


Which of the following cannot be used as starting 
material for the preparation of iodoform? 

(a) Butan-2-one (b) Acetophenone 

(c) Propan-2-ol (d) Propan-1-ol 

Aniline yellow is 

(a) p-nitroazobenzene 

(b) p-aminoazobenzene 

(c) p-hydroxyazobenzene 

(d) p-nitrosoazobenzene. 


. The total number of ions produced when Mohr's 


salt is dissolved in water is 

(a) 4 (b) 5 

(o) 3 (d) 8 

Match the list I with list II and select the correct 
answer using the code given below the lists. 


ListI List II 
P. Phthalein test 1. Aldehydic group 
Q. Schiff's reagent test 2. Amino group 
R. Nitrous acid test 3. Alcoholic group 
S. Xanthate test 4. Phenolic group 
РОК 
а1 23 4 
(b) 4 32 1 
(91324 
(94123 
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24. 


25. 


26. 


27. 


28. 


29. 


30. 


Salt which does not respond to dilute and 
concentrated sulphuric acid is 

(а) Na5SO, (b) Na3PO, 

(c) CaF; (d) All of these. 

If H* + ОН” > H20 + 13.7 kcal, then heat of 
complete neutralisation of one gram mole of 
H2SO, with a base will be 

(a) 13.7 kcal (b) 27.4 kcal 

(c) 6.85 kcal (d) 3.425 kcal 


To determine the enthalpy of neutralisation of 
HCI with NaOH, we use 

(а) 0.2 N HCI, 0.2 N NaOH 

(b) 0.5 N HCI, 0.5 N NaOH 

(© 1NHCI, 1 N NaOH 

(d) any of these. 


Enthalpy of neutralisation of H)5O4 with NaOH 
is 

(а) same as that of HCI with NaOH 

(b) double than that of HCI with NaOH 

(c) half than that of HCI with NaOH 

(d) double than that of HNO; with NaOH. 


When CS; layer containing both Br; and Iz is 
shaken with excess of Cl» water, the violet colour 
due to I; disappears and orange colour due to Br? 
appears. The disappearance of violet colour is due 
to the formation of 

(а) Б (b) HIO; 

(c) ICh (d) г 


H3S in the presence of НСІ precipitate group П 
but not group IV because 

(a) НСІ activates H2S 

(b) HCl increases concentration of Cl 

(c) НСІ decreases concentration of S% 

(d) НСІ lowers the solubility of H2S in solution. 


Acidified KMnO; oxidizes oxalic acid to CO2. 
What is the volume of 10* M KMnO; required to 
completely oxidize 0.5 litre of 10? М oxalic acid 
in acid medium? 
(а) 125L 
(с) 200L 


(b) 12501. 
(d) 20L 


SOLUTIONS 


1. 


44 


(d) : Phenol does not respond to NaHCO; test 
and gives violet colour with FeCl3. 

Acetic acid gives brisk effervescence with 
NaHCO; and red colour on treating with FeCl. 
(c) : For positive Lassaigne's test of nitrogen, an 
organic compound must contain carbon along 
with nitrogen. 
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10. 


(c) : With Nesseler's reagent, ammonium salts 
form a brown precipitate. 
NH, +  2KjHgLl] + 3KOH 
Pot. tetraiodomercurate(II) d 
HNHgO-Hgl + 7KI + 2H,O 
lodide of Millon's base 
(Brown ppt.) 
(b) : Ni” in presence of ammonia gives rosy 
red ppt. of bis(dimethylglyoximato)nickel(IT) 
complex. 
CH, - C2 NOH 
NiCl, + 2NH,OH +2 
СН. - С= NOH 


Dimethylglyoxime 


OH o 
CH,- CN diee CH 
x mb “Cee =" з 
баев. “у= C-CH, 
| 


[9] OH 
Bright red complex (ppt.) 


+2NH,Cl+2H,O 


(c) : In the presence of excess of thiosulphate, 
whole of iodine liberated from the main reaction 
will react with it and no blue colour will be 
obtained. 


(а) : Salt of oxalate on treatment with conc. 
H250; liberates colourless, odourless gas which 
burns with blue flame and turns limewater milky. 
МаСО; + H3504 — NaSO; + НСО; 
Н›С20; + [H2504] > 
CO + 
burns with 
blue flame 


СО, + H20 + [H5S04] 
turns lime- 
water milky 
(a): This is done to get a mixture of ionic 
compounds such as NaCN, Na;S, Мах, etc. 
(d) 
(c) : Lassaigne's extract is boiled with conc. 
HNO; to decompose Na;S and NaCN which 
would otherwise interfere with the tests of 
halogens. НСІ cannot be used because we cannot 
add СГ ion when we have to test for Cl in the 
organic compound. NaOH also cannot be used 
because it would precipitate AgNO; as AgOH. 
(b) : 2NaF + Н2504 —> NaSO, + НЕ 

5ай Hydrofluoric acid 
SiO; + 2H5F; —> SiF, + 2H;O 
Silica Silicon 
tetrafluoride 


ЗЕ: +4Н.О —> H,SiO, + 2H,SiF, 


Silicic acid 
(Gelatinous white) 


1. 


12. 


13. 


14. 
15. 


16. 


17. 


18. 
19. 


20. 


21. 


(c) : Acetaldehyde gives white ppt. with NaHSO; 
while acetophenone will not give white ppt. with 
NaHSO); due to steric hindrance. 


(a) : An organic compound containing C, N and 
S will give blood red colour while performing 
Lassaigne's test for nitrogen. 
Na+C+N+S—*> NaSCN 
(Sodium thiocyanate) 
(Lassaigne's extract) 
NaSCN + FeCl; —> [Ее(5СМ)]СЬ + NaCl 
Blood red 
(b) : NagS + Na?[Fe(CN)sNO] > Na,[Fe(CN)5NOS] 
Sodium nitroprusside Violet 
(b) 
(b) : The change in molar mass = 210 - 182 = 28. 
Two hydrogens are replaced by two methyl 
groups carry a group mass of 30. Hence there are 
two hydroxyl groups present. 
(d): Potassium permanganate, KMnO, acts 
as a self indicator and point of inflection is the 
colourless to permanent light pink. 
COOH 
(d) : 2KMnO, + 3H2SO, +5 | 2H;0—» 
COOH 
К›50; + 2MnSO, + 18H20 + 10CO; 
It is obvious from the equation that 2 moles 
of KMnO, react with 5 moles of oxalic acid. 
Thus 1 mole of KMnO, will react with 
2.5 moles of oxalic acid. 
2KMnO, + 8H;SO, + I0FeSO,-(NH4);SO,:6H;O 
> K250; + 2MnSO, + 5Fe2(SO4)3 
+ 10(NH4);SO, + 68H20 
It is obvious from above equation that 10 moles 
of Mohr's salt will react with 2 moles of КМпО.. 


Thus 1 mole of Mohr's salt will react with = ae 


mole of KMnO,. : 
(с) 


(а) : NH4CI decreases ОН” concentration due to 

common ion effect. 

(d): Organic compound having either 
OH о 


| | 
CH,— CH— group or СНу— C— group is used 
for the preparation of iodoform. Propan-1-ol, 
CH3CH5;CH;OH does not contain such groups. 


b): (Оў-х=х-(О)-хн, 


p-Aminoazobenzene 
(Aniline yellow) 


22. (b): FeSO,(NH4),50,6H;0 —> 
Fe? + 2NHj + 2507 + 6H;O 


Total 5 ions 

23. (d) 

24. (d): Salts of sulphate, phosphate, fluoride and 
borate do not respond to dilute and concentrated 
sulphuric acids. 

25. (b): H250; is a dibasic acid. One gram mole of 
H5SO, produces two gram moles of H* ions. 

HS0; 2 2H* + SOF 
Thus neutralisation reaction will be 
2H' + 20H” 2 2H30 + (13.7 x 2) kcal 
Hence heat of neutralisation = 13.7 x 2 = 27.4 kcal 

26. (d): As in every case, normalities of HCl and 
NaOH are equal, any of the given pair of acid and 
base can be used. 

27. (a) : HjSO, and NaOH are strong acid and 
strong base. НС and NaOH are also strong 
acid and strong base. Hence, their enthalpies of 
neutralisation are same. 

28. (b) : 5Cl + Iz + 6Н;О > 2HIO; + 10HCI 


excess Colourless 


29. (c) : Due to common ion effect, HCl decreases 
concentration of S% ions and only group II basic 
radicals are precipitated. 

COOH 


30. (d) : 2KMnO, + 3H5$0, +5 | 
COOH 


K250; + 2MnSO, + 10СО + 8H;O 
| соон 

| | 

COOH 
101 хү 10?x05 


2 5 
У, =20L 


— 


M, MV, 


M (KMnO,) = 
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CONCEPT 


MAP 


THE SOLID STATE 


Irregularities exist in the entire row of lattice points. 


Amorphous Solid 


> Constituent particles are not arranged in any regular pattern. 
© Shortrange ordered > Isotropic 
> Supercooled liquids or pseudo solids 


2 Constituent particles are arranged in a definite geometric 
pattern inall the three dimensions. 
о Shortrangeas wellaslong range ordered 
2 Truesolids 
© On the basis of nature of intermolecular forces between them 
there are four types of crystalline solids: 
* Molecular solids 
* lonicsolids: Non-polar, Polar, Hydrogen bonded 
* Metallicsolids 
* Covalentsolids 


2 Anisotropic 


Crystalline Solid 


PL 


Irregularities exist around а point огап atom. 


Stoichiometric defects (Intrinsic or thermodynamic defects) 


2 Vacancy defect: Non-ionic solids 
* Arises when some of the lattice sites are vacant. 
* Results in decrease in density of the substance. 
2 Interstitial defect: Non-ionic solids 
* Ariseswhen some constituent particles occupy an interstitial site. 
* Resultsin increase in density of the substance. 
2 Frenkel defect: lonic solids 
* Arisesdue to delocalization of smaller ion (usually cation) from its normal site 
loan interstitial site. 
* Resultsin vacancy defect. Also called as dislocation defect. 
* Doesnotaffect the density of the substance. 
2 Schottky defect: Ionic solids 
* Characterized by missing of equal number of cations and anions from their 
lattice site to maintain electrical neutrality. 
* Results in vacancy defect and decrease in density of the substance. 


Impurity defects 


Arises when foreign atoms are present at the lattice site in place of host atoms 
(substitutional solid solutions) or at the vacant interstitial sites (interstitial solid 
solutions). 


Primitive/Simple Unit Cell 


2 Constituent particles are present only at the corners of the 
unitcells. 

о These are of 7 types of which cubic is most symmetric and 
triclinicis least symmetric. 


о Constituent particles are present not only at the corners but 
alsoat some other positions. 
о These are of 3types. 
2 Inaddition to the particles at the corners of the unit cell 
= Body-centred :also presentat the centre of the unit cell. 
= Face-centred : also present at the centre of each face of the 
unit ell. (Most efficient packing) 
* End-centred : also present at the centre of any two 
opposite faces. 


Non-primitive/Centred Unit Cell 


Non-Stoichiometric defects 


Metal excess defect 


2 Metal excess defect arises due to anionic vacancies. 
* Leaving a hole which is occupied by an electron thus maintaining electrical 
balance. Sites are called F-centres and impart colour to crystals. 
* Similar to Schottky defects. 
о Metal excess defect arises due to presence of extra cations at interstitial sites. 
* Electrical neutrality is maintained by an electron present in another interstitial 
site. 
> Similar to Frenkel defects. 
Metal deficiency defect 
2 Metal deficiency defect arises when metal shows variable valency ie, in transition 
metals. 
= Thedefect occurs due to missing of a cation from its lattice site and the presence 
of the cation having high charge in the adjacent lattice 


Simple cubic 
| Coordination number 6 | s [р | 
Packing efficiency 524% 


Туре Size 
Octahedral (ТҮЗ 


Tetrahedral 


Size and No. of Voids 
No. of Void: 
N 


Electrical Properties 


Solids may be classified into three categories depending upon their values of electrical 
conductivity. 
э Conductors: Electrical conductivity, 10% to 107 ohm-! m-! 
2 Insulators: Electrical conductivity, 10 to 10-1? ohm! m 
2 Semiconductors: Electrical conductivity, 10-5 to 10* ohm-! тг! 
• n-typesemiconductors : Group 14 elements doped with group 15 elements, free 
electrons increase conductivity. 
* p-type semiconductors : Group 14 elements doped with group 13 elements, 
holes increase conductivity. 


Magnetic Properties 


Solid substances are classified into following categories depending upon their 

behaviour towards magnetic field. 

> Diamagnetic Substances : Substances which are weakly repelled by external 
magnetic field. e.g. №, NaCI, Zn, TiO,, etc. 

> Paramagnetic Substances : Substances which are weakly attracted by external 

magnetic field. e.g. Os, Си, Fe?*, Ск, etc, 

Ferromagnetic Substances : Substances which show permanent magnetism even 

inthe absence of external magnetic field. e.g. Ni, Fe, Co, etc. 

Antiferromagnetic Substances : Substances which have zero net dipole moment 

even though they are having large number of unpaired electrons. c.g. MnO. 

Ferrimagnetic Substances : These are the substances which possess very small net 

magnetic moment even though they are having a large number of unpaired 

electrons. e.g. Fe4O,. 


© 


© 


о 


СЕ 
CO 


NER EE 


The questions given in this column have been prepared strictly on the basis of NCERT Chemistry. Last year 
NEET / AIIMS / other PMTs have drawn their papers heavily from NCERT books 


JEE (Main & Advanced) 
Practise hard ! All the best !! 


In the reaction: 

3Br + 6CO} + 3H;O —> 5Вг + BrO5 + 6HCO; 

(a) bromine is oxidized and carbonate is 
reduced 

(b) bromine is reduced and water is oxidized 

(c) bromine is neither reduced nor oxidized 

(d) bromine is both reduced and oxidized. 


If the shortest wavelength of H-atom in Lyman 
series is x. Then, longest wavelength in Balmer 
series of Не? is 


(а) 2 (p 36 
5 5 
x 5x 
= dy >> 
(с) 5 (9) 9 
„© Dry н! 
CH3CH;MgBr + CH; —CH, ак? X но? Y 


Final product Y in the above reaction is 
(a) butan-2-ol (b) propan-1-ol 
(c) butan-1-ol (d) propan-2-ol. 
Which of the following expressions is correct for 
the rate of reaction given below? 
5Вг + ВгОзшуу + ӨН у —> ЗВ + 3H)Oq 
ABr] AH] qj ABr] 6 AH") 

At At At 5. At 
A[Br] 54H] (a) ABE. GAB 

м 6 At мд А 


Which of the following represents the negative 
overlap? 


o -OLP 


(a) 
(9 


(b) z 


Ру 
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7. 


8. 


9. 


10. 


Phenol on distillation with zinc dust gives 

(a) BHC (b) toluene 

(c) benzene (d) chlorobenzene. 
Molecular formula of inorganic benzene is 

(a) СьНь (b) BeNe 

(c) B3N3H, (d) сс 

Thecorrect IUPAC nomenclature for the following 
alcohol is 


Снусн „СНУ 


CH,CH,^ “он 

(a) 2-ethylbutan-2-ol 

(b) 3-methylpentan-3-ol 

(c) 3-ethyl-3-methylpentan-2-ol 
(d) 1,1-dimethylbutanol. 


The monomeric units of the given polymer are 


OCH,CH,00C. co 


(a) ethylene glycol, terephthalic acid 
(b) ethylene glycol, phthalic acid 

(c) glycine, phthalic acid 

(d) glycine, terephthalic acid. 

Maltose is made up of 

(a) a-D-glucose (b) B-D-glucose 
(c) a- and B-D-glucose (d) fructose. 


11. Identify P. 


CO, HCI Р 
ЕЕЕ 
Anhyd. AICL,/CuCI 


Benzene 


13. 


14. 


15. 


16. 


17. 


18. 


(a) Benzophenone 
(c) Benzal chloride 


(b) Chlorobenzene 
(d) Benzaldehyde 


Which of the following is an antibiotic? 
(a) Insulin (b) Albumin 
(c) Penicillin (d) Ascorbic acid 


А compound P on treatment with Br; and KOH, 
gives an amine Q which gives carbylamine test. 
Q upon diazotization and coupling with phenol 
gives an azo dye. P can be 

(а) C;H.CONHCOCH; 

(b) C;HSCONH; 

(с) CeHsNO, 

(d) o-, m- or p-C;H.(NH;)CHO 

Molar conductances of BaCl, H5SO, and НСІ at 
infinite dilutions are ху, x» and хз, respectively. 
Equivalent conductance of BaSO, at infinite 
dilution will be 


(а) (x1 +X - x3) 
2 


(b) (7 X) — X3) 
2 


(x1 +X — 2х3) 


(с) 205 + x2 - 2x3) (d) 


2 
Half-life for a first order reaction is 
R—>P 
[Ro 0.693 
150 py See 
(а) 2k (b) k 
(c) mz (d) Both (b) and (c) 


Which of the following curves is in accordance 
with Freundlich adsorption isotherm? 


log x/m —> 
log x/m —> 


(a) (b) 
P —> Р—> 
© (d) $ 
" Р—> B ор > 


The volumes of раз X and gas Y diffusing during 
the same time are 35 mL and 29 mL respectively. If 
the molecular weight of gas Y is 71, the molecular 
weight of gas X is 

(a) 487 (b) 567 

(©) 523 (d) 468 


If pH = 74, K of НСО) = 4.5 х 107, then what 
will be the ratio of [HCO5] to [Н›СО›]? 

(a) 10.5 (b) 13.5 

(© 96 (d) 113 


19. 


20. 


21. 


24. 


Which of the following compounds of xenon has 
pyramidal geometry? 

(a) XeOF, (b) XeO; 

(c) XeF; (d) XeF, 


Arrange the following compounds in increasing 
order of their acidic strength: 


m-Nitrophenol m-Cresol 
(0 ш) 
Phenol m-Chlorophenol 
(ш) (v) 


(а) (1) < (II) < (Ш) < (IV) 
(b) (II) « (III) « (I) « (IV) 
(c) (IV) < (III) < (II) < (1) 
(d) (I) < (III) < (IV) < (1) 


Ozone hole refers to 

(a) hole formed in troposphere from which 
ozone oozes out 

(b) reduction in thickness of ozone layer in 

troposphere 

(c) reduction in thickness of ozone layer in 
stratosphere 

(d) increase in concentration of ozone. 

For an ideal solution with p4 > pg, which of the 

following is true? 

(а) (XA)iquid = (XA)vapour 

(b) (XA)iquid > (XA)vapour 

(с) (ХА)ндша < (ХА)уарошг 

(d) (XA)iquia and (хл) do not bear апу 
relationship with each other. 


. In the reaction : 


S + 3/2 O, —> SO; + 2x kcal and 
SO, + 1/2 О, —> SO; + y kcal, 
heat of formation of SO; is 


(a) (x+y) (b) (х-у) 

(© (x+y) (d) Qx-y) 
00, 

Сн -CHCH 7 nio? X 


X in the above reaction is 
CH, CH, 


(a) OHC—CH-(CHj),CH-—CHO 
CH, сино 

(b) OHC—CH-(CH;), -CH-C- CH; 
єн, CH,CH; 

() OHC—CH—(CH,),—CH—CHO 
о сн, сн, О 

(d) CH,—C—CH-(CHj), —CH—C- CH; 
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27. 


29. 


. What will be the final product of the given 


reaction? 


NBS, CCI, 
В 
ho 


Cyclohexene 


(d) None of these. 


Br 
ш Q 
Br 
«CY 


. Which of the following compounds is tertiary 


amine? 
БСН 
Q вы 
| у 
CH,CH, 
а) ш) 
(а) (1) and (Ш) only 
(b) (II) and (Ш) only 
(c) (II) and (IV) only 
(d) (1), (II) and (IV) only 
In the periodic table, metallic character of the 
elements 
(a) decreases down the group and increases 
across the period 
(b) increases down the group and decreases 
across the period 
(c) increases across the period and also down the 
group 
(d) decreases down the group and remains 
constant across the period. 


H—N-CH;CH; 


(ш) 


. The correct order of solubility of the sulphates of 


alkaline earth metals in water is 
(а) Be» Ca» Mg > Ва > Sr 
(b) Mg > Be > Ва > Са > Sr 
(c) Be > Mg > Са> Sr > Ba 
(d) Mg > Са > Ва > Ве > Sr 
Which of the following equations depicts reducing 
nature of НО? 
(a) 2[Ее(С№),] + 2H* + H,O, —> 
2[Fe(CN),]> + 2H;O 
(b) 1, + H,O, + 20H” —> 2Г + 29,0 + O, 
(с) Мп?’ + H,O, —> Мп“ + 20H™ 
(d) PbS + 4H;O; —> PbSO, + 4H,O 
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30. 


32. 


33. 


35. 


Which one of the following statements is incorrect 
in relation to ionization enthalpy? 
(a) Ionization enthalpy increases 
successive electron. 

The greatest increase in ionization enthalpy 
is experienced on removal of electrons from 
core having noble gas configuration. 

(c) End of valence electrons is marked by a big 
jump in ionization enthalpy. 

Removal of electron from orbitals bearing 
lower n value is easier than from orbital 
having higher n value. 


for each 


(b) 


(4) 


. On the basis of following 


PbO, э PbO, AG y <0 

SnO; > SnO, AGoog x > 0 

most probable oxidation state of Pb and Sn will 
be 

(а) Pb“, Sn** 
(с) Pb”, 5п2* 


(b) РЬ", Sn? 
(d) Pb, Sn** 


In a compound, oxide ions have ccp arrangement. 
The cations A are present in one-eighth of the 
tetrahedral holes and cations B occupy half the 
octahedral holes. The simplest formula of the 
compound is 

(а) АВО, (b) АВО 

(с) ABO, (d) ABO, 

The atomic weights of two elements A and B 


are 40 and 80 respectively. If x g of A contains 
y atoms, how many atoms are present in 2x g of 


у у 
@ 5 ® 1 
(©) у (d) 2y 


Identify P and Q in the following reaction: 
H,SO,/HgSO, 
CH,CH,-CEC-CH,—— > Р + О 
333K Р 
Pent-2-yne Major Minor 
(a) Pentan-2-one, Pentan-3-one 
(b) Pentan-3-one, Pentan-2-one 
(c) Pentan-1-al, Pentan-2-one 
(d) Pentan-2-one, Pentan-1-al 


The oxidation number of S in the compound 
KAI(SO);-12H5O is 


(а) +4 (b) +2 
(© +6 (4) +2.5 
The final product of the following reaction is 
(i) dil. NaOH 
9 (ii) H'/H,O/A 


Cyclohexanone 
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37. 


38. 


39. 


41. 


52 


О, О, 
© arona coon 


Which is not true about the coordination 
compound [Со(еп)›С1„]С1? 

(a) It exhibits geometrical isomerism. 

(b) It exhibits optical isomerism. 

(c) It exhibits ionization isomerism. 

(d) It is an octahedral complex. 

Potassium permanganate acts as an oxidant in 
alkaline and acidic media. The final products 
formed from KMnO, in the two conditions are 
respectively 

(а) MnO% and Мп?” (b) Mn?' and Mn? 

(© Мп?’ and Мп” (4) MnO; and Mn” 
Using molecular orbital theory, compare the o; 
and О» species and choose the incorrect option. 
(a) O5 have higher bond order than O;. 

(b) О; is more stable. 

(c) O} is diamagnetic while О» is paramagnetic. 
(d) Both O5 and О» are paramagnetic. 


. Which of the following ores are concentrated by 


froth-floatation method? 
(a) Cuprite (b) Sphalerite 
(c) Siderite (d) Haematite 


The formation of cyanohydrin from a ketone is an 
example of 

(a) electrophilic addition 

(b) nucleophilc addition 

(c) nucleophilic substitution 

(d) electrophilic substitution. 


. When sodium formate is heated with soda lime, 


it forms 
(a) Н; 
(9 CO, 


(b) СО 
(d) water vapour. 


. 0.30 g of an organic compound containing 


C, H and O on combustion yields 0.44 g CO; and 
0.18 g H;O. If one mole of compound weighs 60, 
then molecular formula of the compound is 

(а) СНО (b) СНО 

(c) СНО (d) СН, 


. А primary alkyl halide would prefer to undergo 


(а) 531 reaction 
(c) a-elimination 


(b) S42 reaction 
(d) racemisation. 
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45. 


47. 


49. 


A reaction, А + B —> C + D + q is found to have 
a positive entropy change. The reaction will be 
(a) possible at high temperature 

(b) possible only at low temperature 

(c) not possible at any temperature 

(d) possible at any temperature. 


If solubility of Mg(OH), in water is 

1.3 x 10 mol 17', then solubility (in mol L”) in 
0.2 M KOH would be 
(a) 2.19 x 10* 

(c) 2.19 x 10% 


(b) 2.19 x 10* 
(d) 2.19 x 10710 


If the standard electrode potential of Cu?'/Cu 
electrode is 0.34 V, what is the electrode potential 
of 0.01 M concentration of Cu?? 

Given: Т = 298 К 

(а) 0.399 V (b) 0.281 V 

(© 0222 V (d) 0.176 V 


For A + B —> C + D; AH = 20 kj mol; the 
activation energy of the forward reaction is 
85 kJ mol". The activation energy of the reverse 
reaction is 

(а) 100 kJ mol (b) 65 kj mor! 

(c) 20 kJ mor (d) 85 К] mol! 


0.3780 g of an organic chloro compound gave 
0.5740 g of silver chloride in Carius estimation. The 
percentage of chlorine present in the compound 
is 

(а) 43.24% (b) 56.43% 

(с) 98.25% (d) 37.56% 


The probability density plots of 1s and 2s atomic 
orbitals are given in the figures: 


The density of dots in a region represents the 

probability density of finding electrons in that 

region. 

On the basis of above diagrams, which one of the 

following statements is incorrect? 

(a) 1s and 2s orbitals are spherical in shape. 

(b) The probability of finding the electrons is 
maximum near the nucleus. 

(c) The probability of finding the electrons at a 
given distance is equal in all directions. 

(d) The probability density of electrons for 2s 
orbital decreases uniformly as distance from 
the nucleus increases. 


SOLUTIONS 


1. (d): Bromine is both oxidized and reduced. 
Вг? > Br (Reduction) 


Br; > BrO; (Oxidation) 


2! 521 eS 


For Amin n = 1, п = о, => = Кі 


х 
(For H-atom, Z = 1) 


1 1 1x4| 5 
=RyZ?|>-— |= 
ma E А] х H 


(For He’, Z = 2) 


Dry 
ether 


a ё © 
3. (0: CH;CH)—MgBr +) 7N 


v CH,—CH, 
CH,CH,CH,CH,OMgBr 


iE 
н.о 
CH,CH,CH,CH;OH 


Butan-1-ol 
1ABr] ABO; __ 
5 At At 
A[Br] 5A[H'] 

А 6 M 


OH 
Oo *ZnO 


Phenol Benzene 


1A[H'] 
6 At 


4. (с): Каіе = – 


5. (©) 


H 


AA 
7. (d: | || _ 
нон 


н 


Inorganic benzene 
1 2 

CH,CH, з CH, 

5 4 

CHCH, 7 “он 
3-Methylpentan-3-ol 


8. (b): 


9. 


10. 


1. 


12. 


13. 


14. 


15. 


16. 


COOH 
(b): nHOCH,—CH,OH + п — 
СООН 


Ethylene glycol Phthalic acid 
| ®- 1)H,0 
cue ^ 
Glyptal 


(a): Maltose is made up of a-D-glucose. 


CHO 
«Оњ CY 


Benzene Benzaldehyde 


(с) 


"Qeon 
(P) (©) Diazotization| 
Coupling reaction CM мег 


(ум дуе а 


(d): Am(Baso,) 7 ^g, 2+ + Хе 


CO, НСІ 
Anhyd. AICI,/CuCl 


502- 
= Апвасі,) + ^(t5s0,) ~ 2 НС) 
=X + ох – 2х3 


ә lie 1 
Ae = hm (BaSO,) = , G + x) 7 2х3) 


(d): R — P 
In2. 2.303xlog2 0.693 
= 
k k k 


(d): According to Freundlich equation, 
X рт 1 
kp" (n>1) 


Taking logarithm on both the sides, 


x 1 
log 2 =logk «L1 
OE M OBS oer 
Thus, ploting log Х ws log p gives straight line 
m 


with slope — Е and intercept = log К. 
n 
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17. 


18. 


19. 


21. 


- ©: (хл) прош = 


(ay: Их = [My 
Vy YMx 
as [m 
29 \ My 


2 
Mx EE] -487 
35 


(d): НСО} = HCO; + H* 
.IH'IIHCO;] | [HCO;] _ К, 
! ^ [H;C03] [H;CO,] [H+] 


We know pH = - log [НУ = 7.4 
log[H'] = 74, [H'] = 3.981 x 10* 
[HCO;] 45x10? 


- =113 
[H5CO,] 3.981 x 108 


Pyramidal 


. (4): An electron withdrawing group increases 


the acidic strength of phenol while an electron 
donating group decreases the acidic strength of 
phenol. The electron withdrawing effect of — NO; 
group is greater than — СІ group as it has positive 
charge on N atom. 


x 


N o 
Hence, (II) « (Ш) < (IV) < (I) is the correct increasing 
order of acidic strength. 
(c) : Ozone hole is reduction in thickness of ozone 
layer in stratosphere. 


" 
liquid PA 
Protal 


РА _ 
PTotal 


a (КА) pour E 
(ка) Protal 


As В is less volatile, then ртоы < РА 


(xA) vapour 
ГРУ NN >1 ог (ха)уароаг > (XA)liquid 
A Лаша 


. (d): S +3/2 О, —> SO; + 2x kcal ...() 


SO, + 1/2 О; —> SO; + у kcal 0) 
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24. 


26. 


29. 


31. 


32. 


Now, subtract eq. (її) from (i), we get 
S + O2 —> SO, + 2x - y kcal 
г. Heat of formation of SO; is equal to 2x – y kcal. 


(©: CH. - -oum 3 
> 3 2 aum 


и CH3—(x0x )—CH;CH; 


Ho i 
H ү 
ax au 
H H 


оо 


Вг 
NBS, CCl, 
(a): +86 — ^ + HBr 


Cyclohexene 3-Bromocyclohex-l-ene 
(с) 27. ) 


(с): This is mainly due to the reason that as the 
size of the cation increases down the group, the 
heat of hydration decreases while the lattice 
energy remains the same because the sulphate 
ion is so big that increase in size of the cations 
down the group does not make any difference. 
Solubility decreases in following order 

BeSO, > MgSO, > CaSO, > SrSO, > BaSO, 
(b): In reaction (b), O; is evolved, therefore, it 
represents the reducing action of H5O;. I; changes 
to Xr. 
(4) 
(d): For the reaction : PbO, > PbO 
given that AG « 0 thus the reaction will be 
spontaneous in forward direction. 
For the reaction : SnO, > SnO 
given that AG > 0 thus reaction is non-spontaneous 
in forward direction but spontaneous in reverse 
direction. This shows Pb” for lead and Sn“ for 
tin are most probable oxidation states. 


(a): Number of oxide ions (O^) per unit cell 
=8х E *6x i =4 (ccp arrangement) 

Number of A atom per unit cell — i x(2x4) 

[ ^ Tetrahedral voids = 2 x Number of spheres] 
Number of B atom per unit cell — pa 


[ ^ Number of octahedral voids = Number of 


spheres] 
Hence the formula of the solid = АВО; 


33. 


35. 


36. 


37. 


(с): No. of moles of A = № 
40 

No. of atoms of A = ay 
2x x 


No. of moles of B = 30 ^45 


Now, no. of atoms of B = E. Na=y 


. (a): In case of unsymmetrical alkyne, which is 


non-terminal, mixture of two isomeric ketones is 
obtained in which methyl ketone predominates. 
CH,CH,—C=C—CH, 
Pent-2-yne 
ноу 333 К 


CH,CH,CH,—C—CH, + CH,CH,—C—CH,CH, 
Pentan-2-one (Р) Pentan-3-one (Q) 
(Major) (Minor) 

(с): Since water is a neutral molecule, the sum of 
the oxidation numbers of all the atoms in water 

is taken as zero. 
KAI(SO;);-12H;O 
+1+3+2х-16=0 
х =+6 
(b): 


Со 


Cyclohexanone 


амон 
О 


Q, 
H*/H,0, 
QOSOR 
OH 


(с): Ionization when the 
coordination compounds give different ions 
in solution, this condition is not satisfied with 
[Co(en);CL]CI. 


It is an octahedral complex. 


isomerism arises 


en | e Е 
еп еп 
еп 
cl 
cl cl 
cis-form. frans-form 


Geometrical isomers 


en -i en | d 
с, : а 
С E [e 
a ав i F cl 
"E H en 
cis-d-isomer | cis-l-isomer 


Optical isomers 


38. (d): Inalkaline medium, KMnO, is first reduced to 
manganate ion and then to insoluble manganese 
dioxide. 

MnO; + 2H;O + 3€ —> MnO, + 4OH 
In acidic medium, manganese sulphate is formed. 
MnO; + 8H* + 5e —> Mn” +4Н.О 

39. (c): Рог Оз, 

6157, o*1s?, 0257, с*25?, о2р?, (л2р? = n2p;), "2p; 


Вопа огдег = HU — №) 


- 5 (10-5) =25 
For О», 
6157, 01s, 022, 2, Y, (002 = тору), (паре = 2p!) 


1 
Bond order = 2 (№ = №) 


1 
= 200-7) =15 
40. (b): Froth-floatation method їз used Юг 
concentration of sulphide ores. 
41. (b): It is nucleophilic additon reaction. 
НСМ + ОНГ = :СМ + НО 
Rosas [Е „О 
poo? CN = кеу 
1 H 
Ry СМ 
RZ Хон 
: CaO 
42. (a): HCOONa + NaOH — > Н, +Na,CO, 


Sod. formate Hydrogen 


43. (a): Weight of carbon = 12 x Moles of CO; 
_ 12х0.44 


= 0.12 р 


Weight of hydrogen = 2 x Moles of HO 
| 2x0.18 
18 


Weight of oxygen = 0.30 - (0.12 + 0.02) = 0.16 g 


-0.02g 
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Element © н о 
Weight ratio 0.12 0.02 0.16 
Mole ratio 0.01 0.02 0.01 


0.0591 


= 0.34+ 
2 


log 0.01 = 0.34 — 0.0591 


= 0.2809 = 0.281 V 


Simple ratio - 1:2:1 Р 
Empirical formula = СНО E E, tforwan\ о (backward 
Face no Я © т reaction) 
Molecular weight = (Empirical weight), 48. (b): £ e ES bac 
Md csi ede ua" Ё АН = 20 К] тог! 
Molecular formula = (СНО), = СНО $C... x.-I2-cl. 
44. (b) Reaction coordinate 
45. на Bana E -ve and AS = +ve. Given: AH = 20 К) mol! 
For the reaction to be spontaneous, AG should be Since AH = Ex(orward reaction) асоеи edo) 
У a Given: E,(forward) = 85 kJ mol 
-ve which will be so at any temperature. Е =E AH 
kward) = Ea(forward) — 
46. (d): For Mg(OH)> PETE EEO 
Kop = 49 = 4 x (1.3 x 105? = 8.788 х 1072 = 65 К mor! 
"i kl EAE of Mg(OH); in 0.2 M KOH 49. (d): The mass of the substance taken = 0.3780 g 
Em ине к” M S, тот Mass of AgCI formed = 0.5740 g 
OH = 025 +02) Е p Now, 1 mole of AgCI = 1 g atom of Cl 
e Эк 2 or (108 + 35.5) = 143.5 g of AgCI = 35.5 g of CI 
Kip = 8788 х 10° = So (250 + 0.2) Applying the relation 
Нес 250402507 [29902] Percentage of chlorine 
8.788 x 10712 = 0.04 Sp 8 
8.788 х10712 Р E < 35.5 Е Mass of AgCl formed x100 
$07 ^ 004 — -219x10 mol LT 143.5 Mass of substance taken 
35.5 _ 0.5740 
47. (b): The cell reaction is Cu?” + 2 — Cu - M35" 0 20 х 100 = 37.56% 
= _ 0.0591 1 MS 
Een = Ecen — m 5 Cu” 50. (d): The probability density of electrons for 
Ie] 2s orbital first increases then decreases and after 
» 0.0591 that it begins to increase again. 
ог, Ев = Eg 2 log [Cu?*] = 
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Date of Exam - 11" March 


SAMPLE PAPER №1 


CBSE CLASS xil 


BOARD EXAMINATION 2014 


Time :3 hrs. 


Marks : 70 


GENERAL INSTRUCTIONS 


All questions are compulsory. 


Question numbers 1 to 8 are very short-answer questions and carry 1 mark each. 
Question numbers 9 to 18 are short-answer questions and carry 2 marks each. 
Question numbers 19 to 27 are also short-answer questions and carry 3 marks each. 
Question numbers 28 to 30 are long-answer questions and carry 5 marks each. 


Use Log Tables, if necessary. Use of calculator is not allowed. 


Why is hydrogen sulphide, with greater molar 
mass, a gas, while water a liquid at room 
temperature? 


Give the IUPAC name of the following 
compound: 


"eT d 
CH;- CH-CH;-CH;-C-C-CH;-CH; 
CH, CH; 


For the reaction A —> B, rate becomes eight times 
when the concentration of A is doubled. What is 
the order of the reaction? 


Whatis the cause of Brownian movement observed 
in colloidal solution? 
Write the reaction that indicates the presence of 
a primary alcoholic group in glucose. 
Draw the structure of xenon oxyfluoride molecule 
which is isoelectronic with IF. 
What is the shape of the complex used as an 
antitumour agent in treatment of cancer? 
Dipole moment of phenol is smaller than that of 
methanol. Why? 
(a) Write nernst equation to calculate the cell 

potential of the given cell: 

2 + 
Мв)! Мв) П Ав) | Agi) 


10. 


11. 


12. 


13. 


(b) Calculate the potential of hydrogen electrode 
in contact with a solution whose pH is 10. 
Show that in a first order reaction, time required 
for completion of 99.9% is 10 times of half-life (Ёз) 

of the reaction. 
OR 
Show that in a first order reaction, time required 
for 99% completion is twice the time required for 
the completion of 90% reaction. 
Do the following conversions: 
(i) Bromomethane to propanone 
(ii) 1-Bromopropane to 2-bromopropane 
How will you distinguish between the following 
pairs of compounds: 
(i) Chloroform and carbon tetrachloride 
(ii) Benzyl chloride and chlorobenzene? 


For a chemical reaction, a graph is shown below: 


In[R] — 


Time —> 
(i) What is the order of the reaction? 
(ii) What is the unit of rate constant k for the 
reaction? 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


Explain why [Fe(H5O)4* has magnetic moment 
value of 5.92 BM whereas [Ее(С№) 3 has а value 
of only 1.74 BM. 
Give reason for the following: 
(i) Aniline is a weaker base than cyclohexyl- 
amine. 
(1) Ammonolysis of alkyl halide does not give a 
corresponding amine in pure state. 
Write the following reactions: 
(i)  Carbylamine reaction 
(ii) Coupling reaction 
Sodium has a bcc structure with nearest neighbour 
distance 365.9 pm. Calculate its density. 
(Atomic mass of sodium - 23) 
If NaCl is doped with 10? mol % of SrCl;, what 
is the concentration of cation vacancies? 
In the button cell widely used in watches, the 
following reaction takes place: 
2 - 
Zn + AgjO) + HO”) — Zn ш) + 2Agi + 2OH ay 
Determine E° and АС° for the reaction. 
Given: E°ag+jag = 0.80 V, Е°.2: = — 0.76 V 


Explain what is observed: 

(i) when a beam of light is passed through a 
colloidal solution. 

(ii) an electrolyte is added to hydrated ferric 
oxide sol. 

(iii) electric current is passed through a colloidal 
solution. 


(a) Name the element that is purified by 
(i) zone refining process 
(ii) van Arkel method. 
(b) The value of ДуС° for formation of CrO; 
is - 540 К] mol and that of АБО; is 
= 827 kJ mol”. Is the reduction of CrO; 
possible with aluminium? 

OR 
What is the role of depressant in froth 
floatation process? Give one example. 
Describe the principle involved in Mond 
process for refining of nickel. 


(a) 


(b) 


. Write balanced chemical equations for the 


following reactions: 
(i) CaP} + НО —> 


(ii) Fa + НО —> 
(hot) 


(iii) XeF, + HO —> 
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24. 


26. 


27. 


28. 


(a) Draw the structures of the following molecules: 
(i) н,5.0% Gi) IF; 

(b) Unlike phosphorus, nitrogen shows little 
tendency for catenation. Why? 

(c) What happens when orthophosphorous acid 
is heated? 

(a) Of the two bases named below, which one is 
present in RNA and which one is present in 
DNA? 

(i) Thymine (ii) Uracil 

(b) The deficiency of which vitamin causes the 
following diseases? 

(i) Pernicious anaemia 
(ii) Xerophthalmia 

(с) Give one structural difference between 
amylose and amylopectin. 

Gaurav took his father to doctor for routine check- 


up. He told his doctor about the symptoms like 
increase in appetite, excessive thirst, frequent 
urination, feeling fatigued, high depression. 
After examine, doctor advised him to add artifical 
sweeteners in tea or coffee. 

(i) From which disease, Gaurav's father was 
suffering? What values are shown by 
Gaurav? 

Name two artificial sweeteners that Gaurav's 
father must use instead of using sugar. 


Gi) 
(a) Write the reaction of preparation of melamine- 
formaldehyde resin. 

(b) How is dacron obtained from ethylene glycol 
and terephthalic acid? 

Write the formulae of the monomers of 


(i) Naturalrubber (ii) Nylon 6. 


(с) 


Write the mechanism for the preparation of ethene 
from ethanol. 


(a) State Raoult's law for solutions of volatile 
liquids. Explain the meaning of positive and 
negative deviations from Raoult's law. Also 
give examples. 

(b) Vapour pressure of chloroform (СНСЬ) 

and dichloromethane (CH;Cl;) at 298 К are 

200 mm Hg and 415 mm Hg respectively. 

Calculate the vapour pressure of the solution 

prepared by mixing 25.5 g of CHCl; and 40 g 

of CH;Cl; at 298 К. 


(а) 


(b) 


29. (a) 


(b) 


(a) 


(b) 


30. (a) 


(b) 


OR 

Define the term osmotic pressure. Describe 
how the molecular mass of a substance 
can be determined by a method based on 
measurement of osmotic pressure. 

At 300 К, 36 g of glucose C; HO, present per 
litre in its solution has an osmotic pressure 
of 4.98 bar. If the osmotic pressure of another 
solution is 1.52 bar at the same temperature, 
calculate the concentration of the other 
solution. 


Answer the following questions with reasons. 

(i) Which element of the first transition series 
has highest second ionisation enthalpy? 

(ii) Which element of the first transition series 
has highest third ionisation enthalpy? 

(iii) Which element of the first transition series 
has lowest enthalpy of atomisation? 


Complete the following reactions: 
(i) SO, +Cr,07 + H' — 
(ii) 5,05 + MnO; + HO —> 

OR 
When a chromite ore (A) is fused with sodium 
carbonate in free excess of air and the product 
is dissolved in water, a yellow solution of 
compound (B) is obtained. After treatment 
of this yellow solution with sulphuric acid, 
compound (C) can be crystallised from the 
solution. When compound (C) is treated 
with KCI, orange crystals of compound (D) 
crystallise out. Identify A to D and also write 
the reactions involved. 


Write the structures of 

(i) dichromate ion 

(ii) manganate ion. 

(i) Carboxylic acid is a stronger acid than 
phenol. Why? 

(ii) Arrange the following compounds in 
decreasing order of their acidic strength: 
СоН5СООН, CH4COOH, HCOOH 


An organic compound (A) having molecular 
formula (CsH1602) was hydrolysed with 
dilute sulphuric acid to give two compounds 
(B) and (C). Oxidation of (C) with chromic 
acid produced (B). (C) on dehydration gives 
but-1-ene. Write equations for the reactions 
involved. 


OR 
(a) How will you prepare the following 
compounds starting with benzene: 
(i) Benzaldehyde (ii) Acetophenone? 
(b) Write the following conversions in not more 
than two steps: 
(i) Benzaldehdye to o-hydroxyphenylacetic 
acid 
(ii) Bromobenzene to 1-phenylethanol 
(iii) Benzaldehyde to benzophenone 


SOLUTIONS 


1. Water molecules are associated with intermolecular 
H-bonding because oxygen is smaller in size and 
more electronegative than sulphur. 


HC О 
8 7 6 5 l4 з 2 1 
2. CH,-CH-CH;-CH,-C-C-CH;-CH, 
CH, CH, 


4, 4, 7-Trimethyloctan-3-one 

3. It is a third order reaction. 
Rate = [А]? 
If [A] is doubled, rate will become eight times. 
Rate = 2А]? = SAP 

4. Brownian movement is explained due to the 
unbalanced bombardment of the particles by the 
molecules of the dispersion medium. 


CHO COOH 
5 (CHOH), —" 9 (CHOH 
" « Da Oxidation « Da 
CH,OH COOH 
Glucose Saccharic acid 


6. XeOF, is isoelectronic with IF; and has square 
pyramidal structure. 


7. cis-Platin [Pt((NH3);Cl;], is used as ап antitumour 
agentin treatment of cancer. The shape of complex 
is square planar. 


cis-Platin 
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8. In phenol, C—O bond is less polar due to electron 
withdrawing effect of the benzene ring whereas 
in methanol, C—O bond is more polar due to 
electron releasing effect of the methyl group. 


{_$У<о-н 


Рһепо! 


9. (а) Mg; — Mgr + 2e 
2Ag() + 2€ — 2Agi 


Мво + 2Agi —> Мв) +2Аро) 


CH,>O—H 


Methanol 


2.303RT |, [IMg?*] 
nF [ Ag! 


Esen = Ecen — 


(b) pH = 10 
pH = -log[H7] 
= [H]-10 mol Lt 


0.0591 1 
Emm, = Ей ун, —-—>— log H 


1 
0.0591 
1 


292 ta ig 


10 
101 10510 


Erm, = = 0.591 V 
For a first order reaction, 


2303, [В 
= log —2 
t og [R] 


10. 


k 
ІК, 

Re- 7 (Rb | 

O; Ry 

k ^P 0001R]y 


= =" log 1000 = 


2. 
t999% =. 108 | 


2.303 6.909 


xlog10? = 
og k 


_ 0.693 
hp 
topo, 6.909 kag 
h К 0.693 
ок 
For a first order reaction, 
_ 2.303, [Rh 


р STR] 


log 


2.303 [Rly 
99 
[Rh – Em 
2.303х2 4.606 
kk 


togo, = 105 


_ 2.303 


102100 = 
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11. 


12. 


13. 


14. 


t 22308, [Rly 
RE " 90[R]; 
9 100 
2.303 2.308 
=——log10= х1 
к k 
togy, 4606. К 
9% = HX = togo = 20, 
lys Е 2308 PA NR 
KCN(al CH MgB: 
© CHBr > CHCN - 598 
Bromomethane Acetonitrile 
H'O 
l -NH;, -Mg(OH)Br ie ¢ e] 
сн,-с=0 єн, 
CH, 
Propanone 
T КОН(аю), А 
Gi) СН,СН,СН,Вг Dehydrohalogenation 


1-Bromopropane 


CH,CHBr—CH, «7 CH,CH= CH, 
2-Bromopropane xm 

(i) Onheating chloroform and carbon tetrachloride 
with aniline and ethanolic potassium hydroxide 
separately, chloroform forms foul smelling 
isocyanide but carbon tetrachloride does not 
form this compound. 
On adding sodium hydroxide and silver 
nitrate to both the compounds, benzyl 
chloride forms white precipitate of AgCl 
but chlorobenzene does not form white 
precipitate. 


(ii) 


(i) For a first order reaction 

[Е] = -kt + In[R]o 

Hence, the graph shows it is a first order 
reaction. 

Unitofrate constant К, for a first order reaction 
iss. 

Fe (26) : [Ar] 34° 452 

Ее? : [Ar] 34° 

In [Fe(H,0),]*, since H,O is a weak field ligand, 
all the 34° electrons remain unpaired. Six lone 
pairs of HO molecules are coordinated to six 
зр? hybrid orbitals. 


(ii) 


Magnetic moment of five unpaired electrons 


= n(n +2) ВМ = {35 = 5.92 BM 


16. (1) 


In [Fe(CN),]*, since СМ is a strong field ligand 
and unpaired electrons get paired. 


Unpaired electrons = 1 


Manetic moment = \/и(п+2) = Уз =174ВМ 


15. (i) In case of aniline, the lone pair of electrons 


on the nitrogen atom is delocalized over 
the benzene ring. As a result, the electron 
density on nitrogen atom decreases as there 
is positive charge on nitrogen in three out of 
five resonating structures. 


н 


сун, NH; N 
($— ou 
п = E 
1 


ш 
NH, 


Whereas in cyclohexylamine, no such 
delocalization is possible. 

Ammonolysis of alkyl halide first gives 
primary amine. Thus primary amine obtained 
behaves as a nucleophile and can further 
react with alkyl halide to form secondary 
and tertiary amines, and finally quaternary 
ammonium salt. 


Gi) 


RX RX RX E 
RNH,—~> RNH— RN RAX 
1° 2° 3° Quaternary 
ammonium 
salt 
This mixture is difficult to separate. 
Carbylamine reaction: 
CH;CH;NH, + CHCl; + 3KOH aie) => 
CH3CH;—N 2 C +3KCI+3H,O 
Ethyl isocyanide 
(ii) Coupling reaction: 
а. OHT 
(у N=NCI + { У-он =ч 


Benzenediazonium Phenol 


chloride 


HO ++ no- )- мм Y 


p-Hydroxyazobenzene 


17. 


18. 


19. 


20. 


For the bcc structure, nearest neighbour distance 
(d) is related to the edge (a) as d= ©, 


2 2 
а= =й = ———х365.9 = 422.5 pm 
3 173 Р 
For bcc structure, Z = 2 
For sodium, M = 23 
_ 7хМ 


за 
ахМ№ 


ог 


_ 2x23g mol! 
(422.5x1071? cm)? х (6.021023 mol!) 


= 1.013 g/cm? 
The number of cation vacancies created in the 
lattice of NaCl is equal to the number of divalent 
Sr^* ions added as one Sr” will replace two Ма*. 
10? 
Conc. of Sr?* = 10? mol % BET 7 10? mol 


1 mole of Sr” = 6.023 x 10? Sr?* ions 
10? mole of Sr” = 6.023 x 10? x 10? 
= 6.023 х 1018 Sr” ions 
Hence, the concentration of cation vacancies is 
6.023 х 105, 


At anode : Zn) —> 2) +2е 


и А 
— 0.76) = +0.76 V 


At cathode : 

AgjO, + H2O) + 2е7 —> 2Ар\„ + 20H (eq), 

E° ag'jag = 0.80 V 

E°. = Standard oxidation potential of zinc 

electrode + Standard reduction potential of silver 

electrode 

Thus, 

Е°сьи = Еул + E? agtiag 

= 0.76 + 0.80 = 1.56 V 

AG" =-пРЕ° ец 

=-2 х 96500 x 1.56 
= -301080 J mol 
= 301.08 kJ mol 

(i) Scattering of light by the colloidal particles 
takes place and the path of light becomes 
visible (Tyndall effect). 

(ii) The positively charged colloidal particles of 
Fe(OH); get coagulated by the oppositely 
charged СГ ions provided by NaCl. 

(11) Оп passing an electric current, colloidal 
particles move towards the oppositely 
charged electrode where they lose their 
charge and get coagulated. 
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21. (а) (i) Germanium (ii) Zirconium 


(b) The two equations are: 
4 2 
3 Alot О — 3 AlOsgy 
С° д, дьо, 7-827 kJ mol! — ...(i) 


4 2 
3 Cr; + Ox; > 3 Сг;Озьу; 

AG? =-540 kJ mol ...(Н) 
Subtracting Eq. (ii) from Eq. (i), we have, 


i Ali) + i CrOs, — i АБО) + E Cri 
A,G° = -287 kJ mol! 
As A,G? of the reaction is —ve, reduction of 
Cr;O; is possible with aluminium. 
OR 

(a) In froth floatation process, the role of the 
depressant is to prevent one type of sulphide 
ore particles from forming the froth with 
air bubbles. For example, in case of an ore 
containing ZnS and PbS, the depressant used 
is NaCN. It selectively prevents ZnS from 
forming the froth as it forms a complex with 
zinc but allows PbS to form froth. 

(b) In this process, nickel is heated in a stream of 
carbon monoxide forming a volatile complex, 
nickel tetracarbonyl: 


Ni + 4CO 3339 y Nico), 


The carbonyl is subjected to higher 
temperature so that it is decomposed giving 
the pure metal: 


МСО), “22K wi +4со 


22. (i) Ca3P; * 6H;O —> ЗСа(ОН), + 2PH; 
Gi) ЗЕ, +ЗН.Оны) — 6HF + O3 
(iii) 6XeF4 + 12H,O —> 2ХеО) + 4Хе + 24HF +30, 
о g К 
с ^о ое 0 (ii) E M 
OH OH 


23. (a) (i) 


(b) Due to smaller size, the lone pairs of electrons 
on the two N-atoms repel the bond pair of 
N—N bond. While because of comparatively 
larger size of P, the lone pairs of electrons on 
the two P atoms do not repel the bond pair of 
the P—P bond to the same extent. As a result, 
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N-—N single bond is weaker than Р-Р single 
bond. Consequently, nitrogen shows little 
tendency for catenation. 

(с) When HPO; is heated, it undergoes 
disproportionation to form РН; and 
H3PO, with oxidation states of -3 and +5 


respectively. 

33 Heat 3 +5 
4H,PO, —* PH, + HPO, 
Orthophosphorous Phosphine | Orthophosphoric 
acid acid 


24. (a) (i) Thymine is present in DNA. 
(ii) Uracil is present in RNA. 
(b) (i) Pernicious anaemia — Vitamin Bj; 
(ii) Xerophthalmia— Vitamin A 
(с) Amylose is a long unbranched chain of 
a-D-(+)-glucose units held by С1-С4 
glycosidic linkage. 
Amylopectin is a branched chain polymer of 
a-D-glucose units in which chain is formed by 
C1-C4 glycosidic linkage whereas branching 
occurs by C1-C6 glycosidic linkage. 
25. (i) Diabetes, caring nature. 
(ii) Sucralose, saccharin. 
1 


Formaldehyde 


Melamine A 
(2, 4, 6-Triamino-1,3,5-triazine) 


N 
= ip Apc 
i dl 
NH3 


Resin intermediate (monomer) 


Polymerisation 


Melamine-formaldehyde polymer 
(b) Dacron їз obtained by condensation 


polymerization of ethylene glycol and 
terephthalic acid. 


HHH HH 
Il 1 I lal Slow. ү] 
nHOH,CCH,OH + пно-с-( У-с-он Hop oc = н<» H,O 
Ethylene glycol Terephthalic acid HH HH 
|| Step 3 : Formation of ethene by elimination of a 
о ргоюп. 
O—CH,—CH,—O ct Vc " И н н 
uio | н-сўс > yo *H* 
Dacron нн Ethene 
(c) (i) Natural rubber is a polymer of isoprene The acid used in step 1 is released in step 3. To drive 
(2-methyl-1,3-butadiene). the equilibrium to the right, ethene is removed as 
Неон: СН it is formed. 
CH; 28. (a) Raoult’s law states that for a solution of 


volatile liquids, the partial vapour pressure 
of each component of the solution is directly 
| proportional to its mole fraction present in 


(ii) Nylon 6 is a polymer of caprolactam. 


N [e] solution. 
OO д 
H Р V Thus, for components 1 and 2 
Рі х, р 
H: СН, о 
© РА 2 and p,-pixy р = рхо 
HC — CH, where pj and p$ are the vapour pressures 
27. Mechanism of pure components 1 and 2 at the same 
temperature. 


Step 1 : Formation of protonated alcohol: = 
If partial vapour pressures of the components 


H H Fast. H H H are higher than the value calculated from 
H—C-C-O-H-*«H' =? H-C-C-O'-H Raoult's law, the solution exhibits positive 

И y 7 af т 7 deviation. 

Ethanol ЕТ In this сазе, the intermolecular attractive 


forces between the solute-solvent molecules 
are weaker than those between the solute- 
solute and solvent-solvent molecules and 
Itis the slowest step and hence, the rate determining leads to increase in vapour pressure. e.g., 
step of the reaction. mixture of ethanol and acetone. 
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(b) 


(a) 


(b) 


If partial vapour pressures of the components 
are lower than the value calculated from 
Raoult's law, the solution exhibits negative 
deviation. 

Inthiscase, the intermolecular attractive forces 
between solute-solute and solvent-solvent 
are weaker than those between solute-solvent 
and leads to decrease in vapour pressure. e.g., 
mixture of phenol and aniline. 


Molar mass of CH;Cl; 
=12х1+1х2+35.5 х2 = 85 в mol! 
Molar mass of CHCl; 
=12х1+1 x 1 +35.5 х3 = 119.5 g mol! 
40g 
Moles of CH;Cl;- т = 0.47 mol 
85g mol 
25.5 
Moles of CHCl = —— 8 =0.213 mol 
119.5 g mol 
Total number of moles = 0.47 + 0.213 
7 0.683 mol 
027 = 0.688 


сна, = 0.683 
Ро = Pi + (P3 – pî) х2 

= 200 + (415 — 200) x 0.688 

= 200 + 147.9 = 347.9 mm Hg 

OR 
Osmotic pressure of the solution is the 
pressure that just stops the flow of solvent 
from its side to solution side across a 
semipermeable membrane. 
mV =nRT 


nV- Ив рт 
Мв 
_ WgxRxT 


= Mem ху 


n 
n(gl =—RT 
(glucose) у 


тт -02 RT ...() 


7 (unknown) = ve RT =M’RT 


: [~ М’ = Molarity] 
(ii) 


1.52= М' КТ 
By dividing eqn. (її) by (i), 
152 M'RT 
498 02RT 


1.52 
M’=0.2x—— =0.061 M 
4.98 
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29. (a) 


(b) 


(a) 


(b) 


30. (a) 


(i) Cu. This is because electronic configuration 
of Cu is 3410 4s'. After loss of one 4s 
electron, it acquires stable configuration 
of 3d". Hence, removal of second electron 
is very difficult. 

Zn. This is because electronic 

configuration of Zn is 3d'^4s and that of 

Zn? is 3d'° which is again fully filled and 

hence is very stable. Removal of third 

electron requires very high energy. 

(iii) Zn. This is because it has completely filled 
3d subshell and no unpaired electron is 
available for metallic bonding. 

(i) 350, + Cr,07 + 2H' — 

35О + 2Cr” + H,O 


(ii) 38,03 + 8MnO; + H,O —> 
8MnO; + 6501 + 20H- 


(i) 


OR 
А = FeCr;O, В = Na;CrO,, 
C = Na;Cr;O;2H;0, D = KCr;O; 
AFeCr;O, + 8Na;CO, + 70, —> 
(A) 8Na;CrO, + 2Ее,О; + 8CO; 
(B) 
2Na;CrO, + H,SO, —> 
(B) Na;Cr;O; + Na;SO, + НО 
(©) 
Na;Cr;O; + 2КС1 —> K;Cr;O; + 2МаС1 
(С) (D) 


Dichromate (CrjOZ-) іоп Manganate (MnOT-) ion 


(i) -C < -C. 


The negative charge in these structures is 
delocalised over two moreelectronegative 
oxygen atoms, hence more stable. 


ә o 
a 


<> 2«t 
205 
©: О: 
m" [5 


<> 
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The negative charge in these structures is OH 


at the less electronegative carbon atom, (b () C,H,CHO мснен енем 
hence less stable. Benzaldehyde B Benzaldehyde 
(ii) HCOOH > CsH;COOH > CH4COOH ОН cyanohydrin 
—CH; group being electron releasing, | нуно 
decreases the acidity while as formic CgH;-CH-COOH Hydrolysis 


Е : bis -Hydi henylacetic acid 
acid does not contain alkyl group, it is a-Hydroxyphenylacetic асі 


stronger acid. Phenyl group increases the 


acidity contrary to the decrease expected Gi) СеН;Вг —_ C,HsMgBr 
due to resonance effect. Bromobenzene ry ether Phenyl magnesium 
(b) On hydrolysis with dilute sulphuric acid, oH жыш 
(A) with СНО molecular formula | (i) СН,СНО 
ives (B) and (С). (A) must be an ester. C4Hs-CH—CH; (ii) н.о” 
B (В) (С). (4) 1-Phenylethanol : 
Since (C) on dehydration gives but-l-ene, 
so (C) must be an alcohol i.e, butan-1-ol. CHO 
Furthermore, oxidation of (C) with chromic » (i) C HsMgBr 
acid produces (B), this means both acid (B) (iii) (ii) HjO/H* 
and alcohol (C) must have same number of Benzaldehyde 
carbon atoms. о он 
ll C—-CHs CH—C,Hs 
CH,CH,CH, —C—OCH,CH;CH,CH, 
(А) (СУН „О,) THES 
Butyl bulanoate 573K 
dil. uso, Hays Renzophencne 
оо 
СН;СН,СН,СООН + CH3CH;CH;CH;OH 
(B) Butanoic acid (С) Butan-1-ol Form IV 
- M 1. Place of Publication : New Delhi 
* ; 2. Periodicity of its publication : Monthly 
CH;CH,CH=CH, Dehydration 3. Printer’s and Publisher's Name — : Mahabir Singh 
But-l-ene Nationality. : Indian 
Address : Chemistry Today, 
OR 406, Taj Apartment, 
А anhyd. AICI New Delhi - 110029. 
(а) (i) Or eer ar] 4. Fos al 3 н 
Nationality. : Indian 
B 
шее CHO CH; Address : Chemistry Today, 
God 19, National Media 
H,O+ “Sno 210] + Centre, Gurgaon 
tard reaction 
Haryana - 122002 
Benzaldehyde Toluene | |5, Name and address of : Mahabir Singh 
individuals who own the 406, Taj Apartment, 
_ anhyd. AICI newspapers and partners or New Delhi 
(i) Q + CH,COCI "Tick Crit enin] shareholders holding more than 
Bened one percent of the total capital 
COCH; | | |, Mahabir Singh, here by declare that particulars given above 
are true to the best of my knowledge and belief. 
HCl + Mahabir Singh 
Acetophenone Publisher 
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PRACTICE PAPER 2 Q 14 


E E Advanced M 


PAPER-I 


SECTION-I 
Only One Option Correct Type 


This section contains 10 multiple choice questions. Each 
question has four choices (a), (b), (c) and (d), out of which ONLY 
ONE is correct. 


1. 


ә 


> 


> 


The reaction К — P, follows first order kinetics. 
In 60 seconds, concentration of R changes from 
0.2 M to 0.05 M, then rate of reaction when 
concentration of R is 0.03 M is 

(а) 544x10*Ms! (Ы) 335x107 M s” 

(с) 693x10*Ms! (а) 7.89 x 10*M s” 


Which of the following compounds of phosphorus 
contain P—O—P bond? 

I.  Pyrophosphorous acid 

П. Hypophosphoric acid 

III. Metaphosphoric acid 

IV. Orthophosphorous acid 

(a) Lonly (b) Land Ш only 

(c) Папа IV only (d) M only 


The correct decreasing order of reactivity of 
following compounds towards Sy2 reaction is 


Br CHBr НС Вг Вг 
(1) (2) (3) (4) 
(а) 2>4>1>3 (b) 3>1>2>4 


(c) 4>2>1>3 (4) 2>1>3>4 


If excess of AgNO; solution is added to 100 mL 
of a 0.024 M solution of dichlorobis(ethylene 
diamine)cobalt(III) chloride, how many moles of 
AgCI will be precipitated? 

(а) 12x10? (b) 16x10? 

(c) 24x10? (d) 4.8 x 10? 


5. 


Identify Y and Z in the following reaction 
sequence. 


агу ether 
® s qi Ho S y 
p conc. Hl > у $ 
? OF (ду Ringe 2 
x Z 

(а) Succinic acid Adipic acid 
(b) Oxalic acid Malonic acid 
(c) Glutaric acid Adipic acid 


(d) Adipic acid 


In the aluminothermic process, aluminium acts as 
(а) an oxidising agent (b) a flux 
(c) areducingagent (d) a solder. 


Which one of the following species is not a 
pseudohalide? 

(а) СМОГ (b) RCOO™ 

(с) ОСМ (d) ммм 


In a cubic packed structure of mixed oxides, 
the lattice is made up of oxide ions, one-fifth of 
tetrahedral voids are occupied by divalent (X?*) 
ions while one-half of the octahedral voids are 
occupied by trivalent ions (Y™), then the formula 
of the oxide is 

(а) XY;O, (b) X;YO, 

(с) ХО (d) Х5Ү;Оџо 

Which of the following cations gives blood red 
colour with ammonium thiocyanate? 

(a) Ее” (b) Ее” 

(с) Cu” (d) са 


Succinic acid 


. A solution which is 10? M each in Mn”, Fe”, Zn?* 


and Hg” is treated with 107^ M sulphide ion. If Ky 
of MnS, FeS, ZnS and HgS are 107°, 10755, 10?* and 
107° respectively, which one will precipitate first? 

(a) FeS (b) MnS 

(с) HgS (d) ZnS 
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SECTION - 1 


One or More Options Correct Type 


This section contains 5 multiple choice questions. Each question 
has four choices (a), (b), (c) and (d), out of which ONE or MORE 
are correct. 


11. Relative stabilities of following carbocations will 


be in order 
e e 
CH,O CH; Open 
I II 
Ф e 
сн, (O)-6n. CHCH, 
ш IV 


(a) I«IL«IIL«IV 
(c) IV «II «III «I 


(b) IV «III «II «I 
(d) II «IV «III «I 


12. Which of the following statements is/are correct 
for the saturated solution of salt PbCl, if its K;, is 
344 x 10%? 

(а) [Pb?],,- 4414 x 10" M 

(b) [СП = 8.828 х 10°"? M 

(c) Solubility of salt is 4.414 x 10°? M. 
(d) [PbCly]eg is zero. 


13. Consider the following complexes: 
(1) K,PtCl, (2) PtCly-2NH3 
(3) PtCI3NHs (4) PICI5NHs 
Theirelectrical conductances in aqueous solutions 
are 
(а) 256, 0, 97, 404 (b) 404, 0, 97, 256 
(c) 256, 97, 0, 404 (4) 404, 97, 256, 0 


14. Which of the following is/are not aromatic? 


Ча 


15. Mark out the correct statement(s). 

(a) For a binary solution AB, if F4 -g > F4 лапа 
Ев _ в, there is negative deviation from ideality 
or Raoult's law. 

(b) ИРА _в= F4- д and Ев в then formation of 
binary solution AB is not spontaneous as 
AH mixing = 0. 

(c) If РА в < Fa -a and Fg -g AHmixing > 0 
then formation of binary solution AB is 
spontaneous. 

(d) There is deviation from Raoult's law in every 
case if AH mixing 0. 


SECTION - 111 


Integer Value Correct Type 


This section contains 5 questions, The answer to each question 
is a single digit integer, ranging from 0 to 9 (both inclusive). 


16. 5-Valerolactam is x membered ring. The value of x 
is 

17. The coordination number of the element M 
in the complex M(DMG), (where DMG is 
dimethylglyoxime) is 

18. The amount of energy required to remove the 
electron from Li? ion in its ground state is x times 
greater than the amount of energy required to 
remove the electron from a H-atom in its ground 
state. The value of x is 


19. Total number of hydrogen bonds formed between 
Adenine and Thymine bases is 


20. Inthe following sequence of reactions, the number 
of asymmetric carbon atoms in D is 


SOCI 
CH4COOH >л BANS COS D 


benzene 
anhy. АІС; 


PAPER-II 


SECTION-I 


One or More Options Correct Type 


This section contains 8 multiple choice questions. Each question 
has four choices (a), (Б), (с) and (9), out of which ONE or MORE 
are correct. 


1. Which of the following sets of reactions will give 


phenol? 
SO3Na 
(i) NaOH fusion 
(a) (i) H7H;O 
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OH 
COONa ,. 
(i) NaOH/CaO, А 
(b) © (ii) HCI 
+ 
МСГ 
(с) H30/A, 
CI 
(d) NaNHo/Liq. NHs, A 
—————-—À 


F 


EXPLORER 


ma 
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2. Decrease in atomic number is observed in 
(a) a-emission (b) B-emission 
(c) positron emission (d) K-electron capture. 
3. For the reaction : 
РС) —9 PClyg) + Clag) 
The forward reaction at constant temperature is 
favoured by 
(a) introducing chlorine gas at constant volume 
(b) introducing an inert gas at constant pressure 
(c) increasing the volume of the container 
(d) introducing PCl; at constant volume. 


4. Which of the following ores is/are carbonate ore(s)? 


(a) Zincite (b) Calamine 
(c) Siderite (d) Sphalerite 
5. Butan--ol is obtained by using carbonyl 


compound and Grignard reagent as 
(i) CH3CHaMgBr 
— 
(а) CH;CH=O “nor  ” 
Lon (i) CH3MgBr, 
(b) CH3CH;CH—-O hon > 
CHN 
(с) „С=О 
СН; 


(i) CH3CH2MgBr 
r 
(ii) H70/H 

CH3 
(d) cH, =o ©з—Сн—ма® 

2 (ii) HO/H* 

6. Which of the following statements is/are incorrect? 

(a) pH for 0.01 M Ca(OH), is 12.3. 

(b) pH for 10* M NaOH is 6. 

(c) pH for 0.001 N KOH is 9. 

(d) pH for 0.008 M Mg(OH), is 12.2. 


7. The two isomers X and Y with the formula 
Cr(H;O);CIBr, were taken for experiment on 
depression in freezing point. It was found that 
one mole of X gave depression corresponding 
to 2 moles of particles and one mole of Y gave 
depression due to 3 moles of particles. The 
structural formulae of X and Y respectively are 
(а) [Cr(H5O)sCIJBr, ; [Cr(H;O);Br;]CI-H;O 
(b) [Cr(H5O)sCI]Br, ; [Cr(H;O);CIBr;]2H;O 
(c) [Cr(H5O)sBr]BrCI ; [Cr(H)O),CIBr]Br-H;O 
(d) [Cr(H;O),Br;]CI-H5O ; [Cr(H;O)sCI]Br; 

8. Histidine, a heterocyclic amino acid has following 
structure at pH « 1.82. 

+ 
HN. jid 
(/. \_сн,снсоон 
N 
H 
At pH > 1.82, it should have which structure? 
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: 
NH; 


HN. | 
(a) l У—снснсоо- 
H 
+ NH; 
HN | 
(b) б У—снуснсоон 
н; 
А NH 
H | Е 
© Ù У—снснсоон 
н; 
x 
HCOOH 


М. 
« 0 eue 
N, 


SECTION - Il 


Paragraph Type 


This section contains 4 paragraphs each describing theory, 
experiment, data etc. Eight questions relate to four paragraphs 
with two questions on each paragraph. Each question of a 
paragraph has only one correct answer among the four choices 
(a), (b), (c) and (d). 


Paragraph for Questions 9 and 10 


A thermodynamic process is 

the energetic development 

of a thermodynamic system 1 
proceeding from an intitial p| 4 

state to a final state. It can 2 
be visualized graphically by 
plotting the changes to the 
system's state variables. 

In the given graph, four processes are shown. Each 
process has a well defined start and end point in the 
pressure-volume state. 


9. Processes 1,2,3 and 4 are respectively 
(a) isobaric, isochoric, isobaric, isochoric 
(b) isothermal, isochoric, isobaric, isothermal 
(c) isochoric, isothermal, isochoric, isothermal 
(d) isothermal, isochoric, isothermal, isochoric. 


10. Which one of the following equations does not 
correctly гергеѕеп е first law of thermodynamics 
for the given process? 

(a) For cyclic process, д = - W 

(b) For isochoric process, д, = AU 
(c) For isothermal process, q = - W 
(d) For isobaric process, д, = AU 


Paragraph for Questions 11 and 12 


Molecular geometries of xenon compounds are 
determined on the basis of VSEPR theory and concept 
of hybridisation. 
According to this theory, the shape of the molecule is 
predicted by the total number of electron pairs (lone 
pairs + bond pairs) in the valence shell of the central 
xenon atom. 
11. The geometry of XeO;F; is 

(a) tetrahedral 

(b) square planar 

(c) trigonal bipyramidal 


(d) T-shaped. 

12. Partial hydrolysis of XeF, gives 
(а) XeO;F; (b) XeOF, 
(с) XeOsF; (d) XeOF, 


Paragraph for Questions 13 and 14 


A certain metal (A) is boiled in dilute nitric acid to give 
a salt (B) and an oxide of nitrogen (C). An aqueous 
solution of (B) with brine gives a precipitate (D) which 
is soluble in NH4OH. On adding the aqueous solution 
of (B) to hypo solution, a white precipitate (E) is 
obtained. (E) turns black on standing. 


13. Metal (A) is 


(а) Na (b) Be 
(© Mg (d) Ag 
14. A white precipitate (E) is 
(а) Ма;5›О; (b) Ag;i$Os 
(с) MgS;O, (d) Ki$;50; 


Paragraph for Questions 15 and 16 
Aldehydes which do not have any a-hydrogen atom 
when treated with a concentrated solution of NaOH 
or KOH, undergoes a simultaneous oxidation and 
reduction forming a salt of carboxylic acid and alcohol. 
This reaction is known as Cannizzaro reaction. 


т Dt 
fi 
Ph—C—H DE т-н ph.-slow 
OH H 


PhCO; + РАСН.ОН <2 ph— с *H— < Ph 
OH H 
15. The Cannizzaro reaction in not given by 
(a) trimethylacetaldehyde 
(b) acetaldehyde 
(c) benzaldehyde (d) all of these. 


16. In a Cannizzaro reaction, the intermediate that 
will be best hydride donor is 


(b) 


H 
© р (4) p 
MeO 


SECTION - Ill 
Matching List Type 
This section contains 4 multiple choice questions. Each question 
has matching lists. The codes for the lists have choices (a), (b), 
(c) and (d) out of which ONLY ONE is correct. 


17. Match the compounds given in the List I with 
their shapes given in List II and select the correct 
answer using the code given below the lists: 


ListI List II 
P BO 1. Linear 
Q Lh 2. Trigonal planar 
К. О; 3. Tetrahedral 
S. CCl 4. Bent 
P QRS 
()1 2 4 3 
(b)2 1 3 4 
(02 1 4 3 
(4 2 1 3 


18. Match the reactions given in List | with their reaction 
intermediates given in List II and select the correct 
answer using the code given below the lists: 


List I List II 
P. RCOOH + №Н 1. Six membered 
—> КМН› cyclic intermediate 
T 
О. R—C—CH;COOH 2. Carbene 
—*>RCOCH; 
К. RCH COOH + Br; 3. Isocyanate 
—'RCHBrCOOH 
S. RCOOH + CHN; 4. Free radical 
—“>RCOOCH; 
P QRS 
()3 1 4 2 
2 13 4 
©з 4 1 2 
(4 1 3 2 


19. Match the terms given in List I with appropriate 
values given in List П and select the correct answer 
using the code given below the lists : 
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20. 


List I 

P. Oxidation potential of 1. 
hydrogen electrode set 
up in a solution with 
РН=2. 

О. Oxidation potential 2. 
of hydrogen electrode 
set up in 0.5 M HCI 
solution. 

R. EMF of concentration 3. 
cell with hydrogen 
electrodes set up in 
0.01 M and 0.1 M HCI 
solutions. 

S. EMF of concentration 4. 
cell with hydrogen 
electrodes set up in 
0.1 M and 0.4 M HCI 


List II 
0.018 V 


0.059 V 


0.035 V 


0.118 V 


solutions. 

PORS 
а)1 3 2 4 
(4 123 
(03 1 42 
(дз 2 Á 4 1 


Match the reactions given in List I with their types 
given in List II and select the correct answer using 
the code given below the lists : 


List I List II 
Р. 2H,0 +> 1. Disproportionation 
2н, +O, теасіоп 
О. CuSO,*Zn —> 2. Non-metal 
Си + ZnSO, displacement 
reaction 
В CL«60H-— 3. Decomposition 
5СГ + CIO; + ЗНО reaction 
$. Zn*2HCl — 4. Metal displacement 
ZnCl, + H5 reaction 
РОК 5 
()3 4 2 1 
()2 3 4 1 
(Q3 412 
(2 1 3 4 


SOLUTIONS 


№ 


PAPER-I 
(c) : Since the reaction К —> P, follows first order 
kinetics 
2300, [Rly _ 2.303) 
t $T R] 60 


Rate = ЦК] 
= 2.31 x10 х 0.03 = 6.93 х 10+ М! 


к= =2.3х10-25 1 


тта 
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(b): I. Pyrophosphorous acid : 


OH OH ЇЇ 
П. Hypophosphoric acid : oM M s 
OH OH 
О 
|| 
Ш. Metaphosphoric acid : ^D o^ 
OH, 
n 
o 
| 
ІУ. Orthophosphorous acid : H^ \ ~OH 
OH 
(d): Nucleophilic substitution through S2 


mechanism is governed by steric hindrance. Thus 
reactivity of 
1° RX > 2? RX > 3° RX > aryl halide 


n 2>1>3>4 
(c) : Moles of the complex = 10001024 
1000 
=24х 10° mol 

Complex is X dichlorobis(ethylenediamine) 
cobalt(III) chloride. 
[Со(еп)>СЫ] С + AgNO; —> [Co(en);Cl]]NOs 

+ AgCI 
Since one mole of AgCl is formed per mole of 
complex. 


Moles of AgCI precipitated = 2.4х 10? mol 


(d) 
COOH 
conc HI P Mg/dry ether, 
(ii) CO; 
MEL COOH 


мө acid 
lor 
OH 
: БЫК, p 
oH Goan 
(2) 


(с): Aluminium reduces Fe,03/Cr,0; to Fe/Cr 
and itself gets oxidised to Al,O3. Thus, Al acts as a 
reducing agent. 

Ее;О; + 2Al —> 2Fe + АБО, 


(b): Pseudohalides are monovalent ions made 
by an electronegative atom and have properties 
similar to those of halide ions. The corresponding 
dimers of pseudohalides are known as 
pseudohalogens. RCOO 15 not a pseudohalide. 


10. 


11. 


12. 


13. 


(c) : Іл сср, anions occupy primitives of the cube while 
cations occupy voids. In ccp there are two tetrahedral 
voids and one octahedral hole per anion. 
For one oxygen atom there are two tetrahedral 
holes and one octahedral hole. 
Since one-fifth of the tetrahedral voids are 
occupied by divalent cations (Х?"). 
Number of divalent cations in tetrahedral 
voids 22x 2 
5 
Since one-half of the octahedral voids are occupied 
by trivalent cations (Y?) 
Number of trivalent cations =1х i 


So, the formula of the compound is 
(X), 4m, "V or X3Y0, or X4Y5Oi. 

52 
"o «3SCN- —> Fe(SCN); 


Blood red colour 
(с): [S7] needed for precipitation of 
13 
mn =10710м 


Thus, minimum [57] is for Hgs and so it will be 
precipitated first. 


(c): Electron releasing group increases the 
stability of carbocation. +R effect of CH,O— group 
dominates over -/ effect hence, it is a electron 
donating group. 

+R effect of CH3O— group is greater than +I effect 
of CH;— group. 

Benzyl carbocation is more stabilised than ethyl 
carbocation due to resonance. Thus, the stability 
order is IV < II < II < I. 


(a,b,c,d) : PbClh, === РЬ” + acr 
$ 


Let s be the solubility of PbCl;. 
Kop = [Pb^'][CI T = 45° 
34 

-4414* 107 M 


[РЬ], = 4414 x 10" M 

[Cl eq 72 х 4414 х 107 = 8828 х 107 М 
[PbCh].q = 0, because the salt is completely ionised. 
(а): (1) K[PtCI,] == 2K" + [РЕСІ , No. of ions - 3 
(2) PtCL,2NH,, [РуМН;) СЦ, No. of ions - 0 


(3) PtCly:3NHs, [P(NH;),CL,]CI, No. of ions - 2 
(4) PtCl,-5NH;, [Pt(NH3)&CI]CI,, No. of ions = 4 
More the number of ions, more is the conductance. 
Thus, the order of their electrical conductances is 
(4)> (1)> (3)> (2). 

14. (a,d) : Both (a) and (d) have 8л electrons which is 
not equal to (4n + 2)л. Hence, they do not obey 
Huckel's rule of aromaticity. 


15. (a,d) : Stronger resultant molecular attraction 
(FA. p) results in negative deviation and АН, < 0. 
Weaker resultant force (Рд. в) results in positive 
deviation and AH mix > 0. 

For an ideal solution, АН = 0. 


Thus, AGmix = — TAS mix (e ASmix > 0) 
AGmix = -ve 

Hence, formation of binary solution AB is 

spontaneous. 


If the solute-solvent forces of attraction are weaker 
than individual solute and solvent intermolecular 
attractions, then solute will not dissolve. Hence, 
formation of binary solution AB is non-spontaneous. 
16. (6): H 
N, ZO 


6-Valerolactam 


17. 4): о—н-о 


H,C-C-N. ,4N-C-CH; 
M 
dicen aN Кес CH; 


O-H-O 


18. (9): Е» = Ey х Z2 - Ең x (3)! - 9Ең 


19. (2): Adenine makes two hydrogen bonds with 
Thymine. 


Hydrogen 


Thymine 


9 andan e 


bond 


Adi 
(A) 
SOCI 11 
20. (1): СН: СООН =» CH4-C- CI + 50,7 + НСІ 
[2] 
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П 
C—CH; 


anhy. АСЬ 
* CH4- C- CI 
(А) 
Acetophenone 
(B) 
у 
он он 


f i 
HOOC- C- cH, «1204198 мс сну 


(D) (©) 
— 
(а,Ь,с) : 5ОзМа 


© Маон ©. н'ун,о, о 
fusion ? 


ОМа 
H соома 
= нах 
Мег 
H30/A. 
=> * HCl * N; 
а NH; 
NaNH)/Lig. NH3, А 
© жамы + NaCl + NH; 


(a,c,d) : a-emission :" A —> "В+ 2Не; 


(z decreases) 
D-emission : - "А——> "В+ бе; (2 increases) 


ii ission: 1 0... 
Positron emission: | "p —> n+ 10; (2 decreases) 


K-electron capture : : p+ de —> in * X-ray; 
(z decreases) 

(b,c,d) : If we introduce an inert gas at constant 
pressure then the equilibrium is shifted in the 
direction in which the number of moles increases. 
Also the forward reaction is accelerated by increase 
in quantity of PCl; (a reactant) and by increase of 
space (i.e. volume of container) which will decrease 
the pressure. Introducing СЬ gasat constant volume 
will shift the reaction in backward direction. 
(b,c) : Zincite = ZnO 

Calamine : ZnCO; 

Siderite : FeCO; 

Sphalerite : ZnS 
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amt 
А 


5. (a,b): CH,-CH-O 


(ii) H9O/H* 
CHs—CH— CH)— CH 
OH 
-tH duco 19 CHa Mb, 
CH3—CH,—CH=O (i) TRO 


CH;-CH;-CH-CH, 
OH 
6. (©): (a) pH for 0.01 M Ca(OH), 
[OH] =2 x 0.01 = 0.02 М 
РОН =- log[OH] = -log(0.02) = 1.6989 
pH = 14-рОН = 14 - 1.6989 = 12.3 
(b) pH for 10° M NaOH, 
[OH] =10* м 
РОН --log[OH ] = -log(10®) = 8 
pH = 14- pOH -14-8-6 
(c) pH for 0.001 N KOH, 
since, KOH is monovalent, Normality = Molarity 
[OH] = 0.001 M = 10? M 
РОН =- log[OH ] = - log(10?) = 3 
рН = 14-рОН = pH -14-3-11 
(d) pH for 0.008 M Mg(OH), 
[ОН] = 2 x 0.008 = 0.016 M 
РОН =- log[OH ] = -log(0.016) = 1.7959 
pH = 14 - рОН = 14 - 1.7959 = 12.2 
7. (d): X gave depression corresponding to 2 moles 
of particles. 
X, [Cr(H,O),Br,JCl-H,0 == [Cr(H;O),Br;]' + СГ 
Y gave depression corresponding to 3 moles of 
particles. 
Y, [Cr(H;O)&CI]Br; «== [Cr(H0);Cl]** + 2B 
8. (a): Оп increasing the pH by adding an alkali, Н 
will be lost from —COOH. 


9. (d): Processes 1 and 3 are isothermal as pressure 
is continuously decreasing with increase in 
volume (1) and increasing with decrease in volume 
(3). This is possible only at constant temperature 
(Boyle's law). 

While processes 2 and 4 are isochoric as volume is 
constant. 


10. (d): For isobaric process, q, - AH 
11. (©): 


XeO3F; 
Trigonal bipyramidal 


12. (b): XeF, + НО —> XeOF, + 2HF 
13. (d): Compound (B) gives white precipitate (D) 
with NaCl (brine) soluble in NH4OH hence it 
should be AgCI, (B) must contain Аз” ions, i.e., 
metal (A) is silver. 
Reactions : 
3Ag + 4HNO; (dil.) —> 3AgNO; + NO + 2H;O 
(A) (B) (© 
AgNO; + NaCl —> AgCI} + NaNO; 
(B) (D) 
AgCl+2NH,OH —> [Ag(NHy)]CI + 2H,O 
(D) (Soluble) 
14. (b): 2AgNO3 + NaS,0; —> Ag;S;Osl + 2NaNO; 
(B) (E) (White) 
Ag:5:0; + НО —> AgS} + HSO; 
(Е) (Black) 
PRO PE 
=E= gao саша: 
CH3 H 
Trimethylacetaldehyde(a) ^ Acetaldehyde (b) 


| 
Qe 


Benzaldehyde (c) 
Cannizzaro reaction is given by only those aldehydes 
which do not have o-hydrogen atom. Thus, 
acetaldehyde (b) will not give Cannizzaro reaction. 


H 


16. ©: moO No 
i» 


Due to the presence of electron donating methoxy 
group (-OMe) at the p-position, the removal of 
hydride ion (: H ) is facilitated. 


15. (b): 


17. (9: Е А 
cl 
О B- | 
[ №: o ol AY 
О > E :0: с P4 CI 
Trigonal planar ^ Linear Tetrahedral 
18. (a): Р: 
О о 
1) + ey 
конун ќан Кү ОН 
H—N-NEN 
yor 


-H “rearrangement 
R—N=C=0 4225 R-NH; + CO; 


Isocyanate 


о: © © б s 
P cso р 1 

Жен R^ "cH So 
6-membered 


cyclic intermediate 


о OH 
r-t- CH; = R-¢=CH, *CO; 
В: R-CH,COOH 8245 RCH,COBr ; 
Br; > 2ВЕ 
RCH;COBr + Ві => R- CHCOBr P2 
Br 


| 
R—CHCOOH «9 R-CHCOBr 
Br 


> 11 
$: CH)N)—*> :CH)+HO—C—R 
Carbene 


r—U—ocH, 


19. (D: P: H'«e — in 


кез = 0.059 og L 
/ 292 1 [H*] 
=0-0.059 pH =- 0.059 x 2 =- 0.118 V 
Oxidation potential = 0.118 V 
o 2.0059, L 
^ DA 1 0.5 
=- 0.059 log 2 = – 0.018 V 
Oxidation potential = 0.018 V 
0.059, © 
В: Ер =——log+ 
cell 1 98 Е 
= 0:059 log 2-1 = 0.059 v 
0.01 
0.059 0.4 
5: Бе log 44 
cell 1 9891 


= 0.059 log 4 = 0.035 V 


20. (c): P : 2H,0 A 2H» + О) is a decomposition 
reaction. 
О: CuSO, + Zn —> Cu + ZnSO, is a metal 
displacement reaction. 
В: Ch + 6OH- > 5СГ + CIO; + ЗНО is a 
disproportionation reaction. 
S: Zn+2HCl —> ZnCl, + Н; is a non-metal 
displacement reaction. 

mum 
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CHEMISTRY [ШЕЛ е, 


1. 


SOLUTION SET 7 


(d) : Mass of acetic acid =3 x 10? kg -3g 
No. of moles of acetic acid, 


Volume of water, V = 500 cm? 
Mass of water, w, = Vp = (500 cm?) (0.997 g cm?) 
= 498.5 g = 0.4985 kg 
Molality of acetic acid, 
_ п) _ 0.05 mol 
Ошу 0.4985 Кр 
Since 23% of acetic acid is dissociated, its degree 
of dissociation (0) will be 0.23. Hence, in solution 
we have 
CH4COOH == CH;COO- + H* 
(1-9) a a 
The total no. of species in solution, 
1= (1-а) +а+а= (1+9) 


= 0.1003 mol крг! 


As, АТ; = Жут г. AT, (1 + 01) Kem 
= (1+0.23)1.86 К kg mol"! (0.1003 mol kg“) = 0.23 К 
(b): 
CH; CH; 
+ CHCl* KOH— 
CHO 
он OH 
(x) 
{HEN 
CH; CH; 
HY 
но 
CH(OH)COOH CH(CN)OH 
OH OH 
(0 


(a) : Carbon monoxide is oxidised to carbon 
dioxide by passing the gases with steam over 
iron chromate as catalyst at 673 K resulting in the 
production of more H}. 

CO, + Hog + H200 Ән» СО + ZH ayo) 
m ae Rec mer. 
Water gas Syn gas 

This conversion of water gas into syn gas is 
called water gas shift reaction. СО, is absorbed in 
alkali. 

СО, + NaOH —> NaHCO; 

(c) : Amongst the given compounds the K,, of 
HgS is minimum, so it will get precipitated first. 
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5. (9 ые 3RT Cri (H2) es T(H3) x M(N3) 


M ' С) \MH3) T(N5) 
TH. 28 Н) 1 
- = = 
А TN) 2 ° ТМ) 2 
CH,— ČH— CH,COOHÉ 7 CH CH=CHCOOH 
la g © Кел 
(P) (С4НзОз) ме KMnO, 
Optically active 
CH,COOH + (COOH), 


Acetic acid Oxalic acid 


[= 
о 


" | 
єнү-с—сн,соон -LOMOR сн. ссн, 


(е) (9 (СУН,О) 
(R) (C4H603) 


{L a as 


(Both give iodoform test) 
(b) : Chalcopyrite is converted into cuprous 
sulphide and ferrous sulphide with evolution of 
sulphur dioxide. 

2CuFeS, + О, —> Cu;S + 2FeS + SO; 
Then sulphides of copper and iron are partially 
oxidised. (Roasting) 

2FeS + ЗО, —> 2FeO + 250, 

2CuyS +30, —> 2Си,О + 250, 
(© : Cu$ + 2Cu0 —9 6Cu + 50, 
Thus, S> gets oxidised to S* ie, SO; and reduces 
Cu** to Cu. 
(7) : Given that, К.Е. = 4.55 x 105 J, 

h = 6.6 х 10™ kg m^s!, m - 9.1 x 10?! kg 


y- FERE aos 
N m 
h 


-10 ms! 


941x107! 
6.6x107* 


=—— LA =7.25x107 m 
mV 91x10?! x10? 


10. (5) : The possible cyclic isomers of the compound 


with molecular formula C4H, are 


nb 
H,C— CH H,C— CH CH 

| || PA X 
H,C— CH’ HC— CH,’ НСЕЕСН, 


Cyclobutene Вісусіо [1.1.0] — 3-Methylcycloprop-l-ene 
CH, butane СН, 
| |! 
A lik 
нс Сн, H,C —Сн, 
l-Methyleycloprop-l-ene — Methylenecyclopropane 
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ASSERTION & REASON 


Assertion 


Reason 


Assertion 


Reason 


Assertion : 


Reason 


Assertion : 


Reason 


Assertion : 


: Above critical 


Directions : Markthe correct choice as: 


AIIMS Е 


Special 


PHYSICAL CHEMISTRY 


: Schottky defect does not affect the 


density of the substance. 


: Schottky defect arises when some 


constituent particles occupy an 
interstitial site. 


: In the ground state of the atoms, the 


orbitals are filled in order of their 
increasing energies. 


: The order of increasing energies of 


the various orbitals is given by (и + 1) 
rule. 

For the first 
half-life period 


2.303 
t= -— 108 2 


order reaction, 


is expressed as 


: The half-life time of a first order 


reaction is not always constant 
and it depends upon the initial 
concentration of reactants. 


Gases do not liquefy above their 
critical temperature even on applying 
high pressure. 

temperature, the 
molecular speed 15 high and 
intermolecular attractions cannot 
hold the molecules together because 
they escape due to high speed. 
Decrease in the vapour pressure of 
water by adding 1.0 mol of sucrose 
to one kg of water is nearly similar to 
that produced by adding 1.0 mol of 
urea to the same quantity of water at 
the same temperature. 
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Reason 


Assertion : 


Reason 


Assertion : 


Reason 


Assertion : 


Reason 


Assertion : 


Reason 


: According to 


If both assertion and reason are true and reason is 
the correct explanation of assertion. 


If both assertion and reason are true but reason is 
notthe correct explanation of assertion. 


If assertion is true but reason is false. 
If both assertion and reason are false. 


: Decrease in the vapour pressure of 


solvent depends on the quantity of 
non-volatile solute present in the 
fixed amount of solvent, irrespective 
of its nature. 


Nitrogen (28 parts) forms five stable 
oxides with oxygen containing 16, 32, 
48, 64 and 80 parts respectively. This 
data illustrates the law of multiple 
proportions. 

law of multiple 
proportions, the relative amounts 
of an element combining with some 
fixed amount of a second element in 
a series of compounds are the ratios 
of simple whole numbers. 


Molar conductivity for weak 
electrolytes shows a sharp increase 
when the electrolytic solution is 
diluted. 


: For weak electrolytes, degree of 


dissociation increases with dilution 
of solution. 


The order of bond lengths of 
O5, О, , O; and О, is 


07 >0;>0,>0° 


: О» о, апа О; are diamagnetic while 


O} is paramagnetic. 

Addition of an inert gas at constant 
shifts the equilibrium 
towards lesser number of moles. 


volume 


: Addition of an inert gas at constant 


pressure does not affect the 


equilibrium. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


Assertion 


Reason 


Assertion : 


Reason 


Assertion : 


Reason 


Assertion : 


Reason 


Assertion 


Reason 


Assertion : 


Reason 


Assertion : 


: A reaction which is spontaneous 
and accompanied by decrease of 
randomness must be exothermic. 


: All exothermic reactions аге 
accompanied by decrease of 
randomness. 

ORGANIC CHEMISTRY 


The observed order of carbocation 
stability is 

(сн, < (CH, CH < CH3CH) < CH, 
: Alkyl groups directly attached to the 


positively charged carbon destabilise 
the carbocations. 


Ethane, ethene and ethyne follow the 
order of their acidic behaviour as 
Ethyne > Ethene > Ethane 

: Hydrogen atoms in ethyne are 
attached to the sp hybridised carbon 
atoms whereas they are attached to 
sp? hybridised carbon atoms in ethene 
and sp? hybridised carbon atoms in 
ethane. 


1-Butene on reaction with HBr in 
the presence of peroxide produces 
1-bromobutane. 

: It involves formation of a primary 
radical. 


: Boiling point of propan-l-ol (370 K) 
is higher than that of methoxyethane 
(281K) though they have same 
molecular mass (60). 

: The higher boiling points of alcohols 
are mainly due to the presence of 
intermolecular hydrogen bonding in 
them which is lacking in ethers. 


Acetoacetic ester 
(CH;COCH;COOC;H,) contains 
CH,CO-—group but does not give 
iodoform test. 

: The H-atoms of the CH,— group 
are more acidic than those of 
—CH,— group. 

The basicity order 
amines, aromatic 
ammonia follows: 


of aliphatic 
amines and 


17. 


18. 


19. 


21. 


Reason 


Assertion : 


Reason 


Assertion 
Reason 


Assertion : 


Reason 


Assertion : 


Reason 


Assertion : 


Reason 


Assertion : 


Reason 


Assertion 


Reason 


Aliphatic amines > Ammonia > 
Aromatic amines 


: Aliphatic amines are stronger bases 


thanammonia due to -I effectof alkyl 
groups whereas aromatic amines are 
weaker bases than ammonia due to 
+I effect of aryl group. 


A solution of sucrose in water is 
dextrorotatory. But on hydrolysis in 
the presence of a little hydrochloric 
acid, it becomes laevorotatory. 


: Sucrose on hydrolysis gives unequal 


amounts of glucose and fructose. 
As a result of this, change in sign of 
rotation is observed. 


: Bakelite is a thermosetting plastic. 
: In thermosetting plastics, 


the 
polymeric chains are held together 
by strong ionic bonds. 


Phenol undergoes Kolbe reaction 
whereas ethanol does not. 


: Phenoxide ion is more basic than 


ethoxide ion. 


Chloroacetic acid is a stronger acid 
than acetic acid. 


: Chlorine atom because of its +I 


effect, destabilises the chloroacetate 
ion as compared to acetate ion by 
dispersing the negative charge. 


INORGANIC CHEMISTRY 


Water containing soluble chlorides 
and sulphates of Ca and Mg is called 
permanent hard water. 


: Permanent hardness can be removed 


by Clark's method. 


Lewis acid character of boron 
trihalides decreases in the order: 
BF, > BCI, > BBr; > Bl. 


: As electronegativity increases from 


F to I, Lewis acid character decreases 
from BF; to ВІ). 


: The basic strength of alkali metal 


hydroxides increases as we go down 
the group from LiOH to CsOH. 


: The hydroxides of alkali metals 


have low ionization energies which 
decrease down the group. 
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24. 


26. 


27. 


28. 


29. 


Gold is recovered from its solution 
containing aurocyanide complex by 
adding zinc dust. 
: Zinc is more electropositive than 
gold. 
: Hydrides of group 16 elements show 
volatility in the order : 
H,O > H,S > H,Se > H;Te 
: Electronegativity of group 16 
elements increases down the group 
from oxygen to tellurium. 
Cuprous ion (Си') is colourless 
whereas cupric ion (Cu?) is blue in 
the aqueous solution. 


Assertion : 


Reason 


Assertion 


Reason 


Assertion : 


Reason  : Cuprous ion (Си*) has unpaired 
electrons while cupric ion (Cu?) 


does not have. 


Lanthanoids show a limited number 
of oxidation states whereas actinoids 
show a large number of oxidation 
states. 


Assertion : 


Reason  : Energy gap between 4f, 5d and 6s 
sub-shells is small whereas that 
between 5f, 6d and 7s sub-shells is 


large. 


Assertion : Complexes K,[Fe(CN),] and 
[Co(NH;);(CO,)]Cl do not show 
geometrical isomerism. 

: Geometrical isomerism is not shown 


by complex [Pt(NH3)(CI)(py)(Br)]. 


РЫ, is stronger reducing agent than 
Snl,. 


: Stability of higher oxidation states 
increases down the group from 
C to Pb. 


H,S is stronger acid than PH}. 

:S is more electronegative than 
Р, conjugate base HS” is more stable 
than НУР”. 


Reason 


Assertion : 


Reason 


Assertion : 
Reason 


SOLUTIONS 


1. 


(d): Schottky defect decreases the density of the 
substance. It is a vacancy defect in ionic solids, in 
which number of missing cations and anions are 
equal in order to maintain electrical neutrality. 

(b): Electrons enter into higher energy orbitals 
only when the lower energy orbitals are filled. 
The energy of an orbital depends on the sum of 
п and l. Lower the value of (п + I) for an orbital, 
lower is its energy. In case of two different types 
of orbitals having same value of (и + I), the orbital 
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with lower value of п has lower energy. 


(c): Fora first order reaction, k = 2.303 в 


_2303 a _ 
a/2 tp 
2.303 
k 


Thus Во is independent of initial concentration of 
reactants for first order reaction. 


2.303 a 
= lo; 


k = 
hy са-а[2 hp 


Therefore, half-life period Ну = log2 


(а) 5. (а) 

(a): Nitrogen Oxygen Oxides 
28 parts 16 parts №0 
28 parts 32 parts №0, 
28 parts 48 parts №0; 
28 parts 64 parts N;O, 
28 parts 80 parts №05 


The masses of oxygen which combine with same 
mass of nitrogen in the five different oxides bear a 
ratio of 1:2:3:4:5. 
(a) 
(c) : O, : 9157, o*1s?, 025^,072s?, с2р2, 

(2p; = л2ру),(л*2ру = 1*2pj) 


Bond order = 100- 6)=2 


Paramagnetic 
O} : 6157, o*1s, o2s?, o*2s?, o2p?, 
(712p; = п2ру), *2p,' 
Bond order = 110-5) =25 
Paramagnetic 
05: 9157, o*1s?, 0252, o*2s?, в2р?, 
(n2p2= 12p2), (n*2p2= пр) 


Bond order - 340-7) =15 


Paramagnetic 

OF: o1s?,0"1s?, o2s?, o*2s?, о2р?, (2p; - п2ру), 
i (пору = т*2р,? 
Bond order = 500-8) z1 


Diamagnetic 
Greater is the bond order, smaller is the bond 
length. 


(d): Addition of an inert gas at constant volume 
does not change the partial pressures or the 
molar concentrations of the substances involved 
in the reaction. Thus, equilibrium will remain 
undisturbed. Addition of an inert gas at constant 
pressure shifts the equilibrium towards larger 
number of moles as volume increases to keep the 
pressure constant. 
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10. 


11. 


12. 


13. 


(с): AG = АН - TAS 
As the reaction is accompanied by decrease in 
randomness, 
AG = АН + TAS Г. AS is negative] 
For reaction to be spontaneous AG should be 
negative which is possible only if reaction is 
highly exothermic i.e AH is negative. 
Exothermic reactions may be accompanied by 
increase or decrease of randomness. 
(d): Alkyl groups directly attached to the positively 
charged carbon stabilise the carbocations due to 
inductive and hyperconjugation effects. 
Hence, the observed order of carbocation stability 
5 + + + + 

CH; < CH4CH, < (CH4))CH < (CH3)3C 


(a): Duetothe maximum percentage of s character 
(50%), the sp hybridised orbitals of carbon atoms 
in ethyne have highest electronegativity; hence, 
these attract the shared pair of electrons of the 
C—H bond to a greater extent than that of the sp? 
hybridised orbitals of carbon atoms in ethene and 
sp? hybridised orbitals of carbon atoms in ethane. 
Thus in ethyne, hydrogen atoms can be liberated 
as protons more easily as compared to ethene and 
ethane. 


(c) : As 2? free radical is more stable than 1? free 
radical, 1-butene on reaction with HBr in the 
presence of peroxide gives secondary free radical 
which takes hydrogen free radical from HBr to 
give 1-bromobutane as major product. 


RO!OR—>20R; ОК + НВг —> H:OR +В? 


CH; —CH;—CH = CH, > CH;— CH; — CH—CH,Br 


14. 
15. 


16. 


17. 


82 


1-Butene HB 
CH; — CH;— CH; — CHBr «—- 
1-Bromobutane 
(Major product) 
(a) 
(c) : The H-atoms of the —CH,— group аге more 
acidic than those of CH,— group. 


(c): Aliphatic amines are stronger bases than 
ammonia due to +I effect of alkyl groups whereas 
aromatic amines are weaker bases than ammonia 
due to delocalization of lone pair of electrons 
present on nitrogen atom over benzene ring. 

(c): The hydrolysis of sucrose by boiling with 
a mineral acid (НСІ), produces a mixture of 
equal amounts of D-glucose and D-fructose. 
Sucrose solution is dextrorotatory, specific 
rotation = + 66.5°. But on hydrolysis, it becomes 
laevorotatory. The specific rotation of D-glucose 
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18. 


19. 


21. 


is + 52.5° and of D-fructose is —92.4°. Therefore, 
the net specific rotation of an equimolar mixture 
of both is 


+52.5°—92.4° _ 19.950 
2 
Laevorotatory 


(c) : Thermosetting plastics are cross-linked 
high polymers formed from their monomers by 
condensation polymerization. In these polymers 
the chains are held together by strong covalent 
bonds. Bakelite is also a condensation polymer 
and formed by condensation polymerization of 
formaldehyde and phenol. 


(c) : Phenol is acidic in nature because phenoxide 
ion formed after ionisation is highly stable as the 
negative charge is delocalised due to resonance. 


x О: О: 
cmon 
<—> <> 

$ © үз 
O 
+——› 


As phenoxide ion is highly stable it will act as 
weak base. 

(c): Because of -I effect of chlorine atom, it 
facilitates the release of H* ion by making О-Н 
bond weaker. It also stabilises the chloroacetate 
ion by dispersing the negative charge. 

Аз а result of these two effects, chloroacetic acid is 
а stronger acid than acetic acid. 


CH42-C 


“So 


Acetate ion 


а-«сн,«с& 
Chloroacetate ion 


(c) : Permanent hardness is due to the presence of 
soluble salts of Mg and Ca in the form of chlorides 
and sulphates in water. It can be removed by 
special methods like washing soda method, 
Calgon's method, ion exchange method and 
synthetic resin method. 

(d): Lewis acid character of boron trihalides 
follows the order: ВІ, > ВВгз > ВСІ, > BF. 


24. 


25. 


This order can be easily explained on the basis of 
the tendency of the halogen atom to back donate 
its lone pair of electrons to the boron atom through 
pn -pn bonding which results in decrease in Lewis 
acid character. 

The tendency to form рл -pr bond is maximum in 
the case of BF, due to identical size of 2p orbitals of 
F and B atoms and falls rapidly as we move from 
ВСІ, to Bh. 


‚ (a): Due to low ionization energies of alkali metal 


hydroxides, the M—O bond in M—OH can easily 
break giving M* and OH ions. 

МОН э M+ + OH (basic nature) 

The ionization energy decreases as we go down 
the group. So M—OH bond is more and more 
easily cleaved and the basic strength increases 
down the group from LiOH to CsOH. 


(a): This method is known as Mac-Arthur Forest 
cyanide process. Gold particles dissolve in dilute 
solution of sodium cyanide in presence of oxygen 
of the air forming complex cyanides. 
4Au + 8NaCN +2Н.О + О, > 
4Na[Au(CN),] + 4NaOH 
Gold is recovered from the solution by the 
addition of electropositive metal. 
2Na[Au(CN),] + Zn — Naj[Zn(CN),] 
Soluble complex 
(d): Hydridesof group 16 elements show volatility 
in the order : 
Н,5 > H5Se > H5Te > H,O 
Oxygen is most electronegative than other 
elements of group 16, it undergoes hydrogen 
bonding. Due to strong intermolecular hydrogen 
bonding in Н,О, it shows lowest volatility. 
As the size of the atom increases regularly from 
sulphur to tellurium, van der Waals’ forces of 


+ 2Aul 
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26. 


27. 


28. 


29. 


30. 


attraction increase and hence volatility decreases 
from H,S to H;Te. 


(с): Cuprous ion (Cu*) is colourless because it 
does not have unpaired electrons in the 3d sub- 
shell as it has 34 configuration. The cupric ion 
(Cu?) has опе unpaired electron as it has 3d? 
configuration. By absorbing the visible light, the 
unpaired electron can undergo d-d-transition 
under the applied field of water molecules. Hence, 
cupric ion (Си?*) in aqueous solution shows blue 
colour. 


(с): Energy gap between 4f , 5d and 6s sub-shells 
is large whereas gap between 5f, 6d and 7s sub- 
shells is small. 


(с) : Complexes of type Ma, and Masb (where а and 
bare unidentate ligands) do not show geometrical 
isomerism because change of position of ligands 
gives the same arrangement. 
Complex of type Mabcd (where a, b, c and d are 
unidentate ligands) exists in three isomeric 
forms which are obtained by selecting one ligand 
(e.g. а) and placing the remaining three ligands 
(e.g. b, c, d) one by one, trans to ligand a. 
(d): Due to inert pair effect, stability of lower 
oxidation states increases down the group from 
carbon to lead. 
Thus, lead compounds in *2 oxidation state 
are stable and in +4 oxidation state are strong 
oxidising agents. 
(a): HoSq aq —> НЗ) +H (a) 

РН) +04 —> HP +H ep 
As S is more electronegative than P, conjugate 
base HS' is more stable than H;P'. Hence, H;S is 


stronger acid than PH}. 
um 
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Some evidences that decide whether a particular 
nucleophilic substitution is S41 or S42 in nature: 


1. 


Kinetics of the reactions and rate law expression 
5х2: On changing the concentration of the 
substrate and nucleophile, experimentally it has 
been observed that the rate of an S42 reaction 
changes. This observation confirms that there 
is a transition state in S42 reaction and it is a 
concerted process i.e. both the substrate and the 
nucleophile are involved in the rate determining 
step (RDS). However, this is not a very strong 
evidence, as there may be many possible paths 
for the following rate law expression. 

Rate = К [alkyl halide][nucleophile] 
5х1: Evidence through kinetics and rate law 
expression is stronger in case of Sy1. 
Itis believed that S1 reaction isa multi-step process 
(in fact, two step process) i in which steps are: 


slow, 


Ѕіер-1: R- X == Rte X 


fast 


Step-2: + Nu ——» К-М№и 

The leaving group i.e. X” resides in the nearby 
area only and with y progress of the reaction 
concentration of X^ increases. Due to the common 
ion effect, backward reaction is promoted now. 
Even if from outside, we add a bit of X rate of 
the reaction is found to decrease. This is because 
with the increase in X =, reestablishment of К — X 
is facilitated. Thus, rate decreases. This evidence 
of course confirms that Sy1 is a two step process. 

Stereochemistry involved 

Stereochemical observations give better picture to 
understand whether a reaction is S41 or $42. 


*Arunava Sarkar 


5х2: If the reaction starts with an optically 
active substrate, it will end with an optically 
active product. But the product has an inverted 
configuration. This is only possible when there 
is a backside attack and a transition state, not the 
intermediate is involved in the reaction. 

5х1: Racemisation is a definite outcome of S41 
reaction. If the reaction starts with an optically 
active substrate, it will end with a racemic mixture 
(though 100% racemisation is not possible but of 
course, observed optical activity, if it is, will be 
very very less and hardly detectable. Even if it 
is detectable, the optical rotation is found to be 
reversed as the enantiomeric excess is due to the 
inverted configuration). In S41 reaction, as there 
is a carbocation intermediate, which is planar, 
there is a chance for front as well as back side 
attack which will result into the racemisation. As 
a planar carbocation intermediate is involved, 
hence S1 is a two step process. 


Isotopic detection (о: and B secondary kinetic isotope 
effects) 

If at the В position with respect to the bond 
breaking position, a hydrogen atom is substituted 
with deuterium and the reaction is slowed down 
then definitely a carbocation is involved and 
hence it confirms that the reaction is multi-step 
in nature. This observation is very much found in 
531 reaction but not in S42 reaction. In Sy1, ky/kp 
is very high for В secondary isotope effect. 

On the other hand, а hydrogen atom is substituted 
with deuterium at that carbon atom which is 
directly attached with the leaving group then any 
change in the reaction rate is termed as a isotope or 
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a isotopic effect. This is also found in Sy1 reaction 
and here kj;/kp is quite high. But in S2, Кн/Кь = 1. 
So, again isotopic effects confirm that S2 is а 
single step whereas 531 is а two step process. 


Nucleophilic substitution promoters and salt effect 
There are certain salts on addition of which rate 
of S42 and 531 reactions can be promoted. They 
are called the nucleophilic substitution promoters 
and this is the salt effect. 


Me Me, Me 
X v б 
Жн C—Br slow (Sy) Гуте 
Ме “ras > $ ) 
CH5 “н CH5 


If this Br can be pulled away then it is easily 
understandable that the reaction will shift more 
to the forward direction. So, Ag* can be added 
to serve the purpose as Ар’ is а good match for 
Br (according to HSAB principle). So, this will 
enhance or promote the rate of the Sy1 reaction. 
Such ions are the promoters. More examples are: 
Hg”, Hg;, Pb" (to some extent). Even H' acts as 
promoter specially when it is a question about 
pulling Е (small in size, Ag’ will not suit for this). 
So, after adding these ions, if the rate of the reaction 
is enhanced, then it is an S41 reaction for sure. 
Now, what about 5,2 reaction? The presence of a 
very strong nucleophile gives a good platform for 
another nucleophile to attack the substrate. Such 
an example is azide ion (№; ) or alkyl sulphide 
(RS) ion. 


Factors influencing relative reactivity of 5,2 and 5,1 
reactions 
(a) Constitutional 


influence: In bimolecular 
nucleophilic substitution reaction (S42), there 
is a simultaneous electron transfer from the 
nucleophile (substituting agent) to the alkyl 
group and from the alkyl group to the leaving 
group. These transfers are not in proper balance. 
On the other hand, in case of S41 reaction, in 
the rate determining step, there is only transfer 
of electrons from the alkyl group to the leaving 
group but there is no gain of electrons by the alkyl 
group. This is why in case of S41 reaction, a large 
kinetic polar effect is observed [ie. ionization 
promotes the reaction], however, this is very less in 
S42 reaction. This is why structure of the substrate 
has to play a great role in determining the relative 
rate of reactivity of different substances in 5,1 
and S42 reactions. 
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(b) 


So, ultimately structure of the substrate has two 

major effects: 

(i) Electrical effect (kinetic polar effect) : More 
profound in case of Sy1 reaction. 

(ii) Steric effect : More profound in case of S42 
reaction. 

In case of S42 reaction, less steric hindrance is 

preferred. So, the preferred order is 

methyl halide > 1° halide > 2° halide >> 3^ halide 

Aryl halides have almost the similar reactivity as 

3° halides but it is dependent on the fact that what 

kind of substituted aryl group is present as well as 

along with the aryl group which other associate 

groups are present. 


Si k я 
© —LG —> |Nu----- Са LG 
2 
53 A S, 5; 
Nu 
Here carbon atom is TS 


attached with four members Неге carbon atom is attached 
with five members 
{S, — substituent 1, S, > substituent 2, 
$, > substituent 3} 
In the substrate the carbon atom is surrounded 
by four groups whereas in the transition state it 
is surrounded by five groups. So, in the transition 
state steric crowding increases and as a result, 
energy of the transition state increases which in 
turn decreases the rate of reaction. Therefore, it is 
always good to start with less crowded substrate. 
However, influence of steric effect is very less in 
case of S41 reaction as nucleophile is not involved 
in the transition state. AIkyl halides which have 
large substituents attached with it, experience 
back strain (B-strain). To get rid off it, release of 
halide group is accelerated so that the groups 
can place them at an angle of 120° in the planar 
configuration rather than placing them at 109.5? 
with each other in the tetrahedral configuration. 
This is known as steric acceleration. So overall, 
the order of reactivity of different alkyl halides is 
In $42, 1° halide > 2° halide > 3? halide 
In S1, 3° halide > 2° halide > 1° halide 
Power or nature of the nucleophile: Whether a 
nucleophile can control the rate of a reaction or not? 
For S41 of course it is not, as the nucleophile is 
not involved in the transition state. However, if 
there is a situation that to a particular substrate 
more than one nucleophiles are added then the 
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most powerful nucleophile will win the game and 
this will be the product. 
In S42 reactions, nucleophiles have direct 
influence. The obvious reason for this is 
nucleophiles are involved in the rate determining 
step of S42 reaction. 
Nature of solvent: Solvent plays a major role in 
nucleophilic substitution reaction as solvent is the 
reaction partner for nucleophiles. 
In S41 reactions, ionization is a fundamental 
requirement. This can only be possible if the solvent 
is polar and holds a high value of dielectric constant. 
In the transition state of S41, a dipolar form of the 
substrate exists as in the following form: 

5+ 5- 


Who gives guarantee that 
these will not go back 
ЮК — X? 

Guarantee is given by a polar solvent only as in 
that case the transition state as well as R* (also 
X`) can be stabilized through dipole-dipole 
interaction. 

For example, 


ең 
solvated, trapped and stabilized X^ 

(Cage like structures) 
So, a polar solvent functions in two ways: 
(i) Due to its high dielectric constant, it reduces 
electrostatic attraction force between the cation 
and the anion of the substrate. 
(ii) Secondly, it stabilizes the cation and the anion. 
This is very important point as stabilizing cation 
and anion means to stabilize the transition state 
also as the transition state holds polar character. 
So, which kind of solvent is required for Sy1 


88 CHEMISTRY TODAY | MARCH 14 


reaction? Polar protic or polar aprotic? Of course 
it is polar protic as polar aprotic solvent will fail 
to fulfill the second condition. Therefore, 
Suitable solvents for S41 — polar protic like 
CH,OH, C;H4OH, H;O etc. 
Not suitable solvents for S41 = non-polar and 
polar aprotic like DMF, DMSO, CH;NO, etc. 
For S42, however, the idea is slightly different. 
Here, the substrate initially does not contain that 
much high polarity. High polarity of the substrate 
is also not a demand for S42 reaction. What 
happensis that the nucleophile attacks the partially 
positive carbon atom of the substrate which just 
starts to release the anion (leaving group). Due to 
the negative charge on the nucleophile whatever 
partially positive charge developed on the carbon 
atom that gets neutralized. So whatever polarity 
was there in the substrate, in the transition state 
it is lost. The transition state is carrying negative 
charge only. So, polarity of solvent cannot stabilize 
the transition state. This is why with the increase 
in the solvent polarity, reaction rate is found to 
decrease slightly as solvent polarity can stabilize 
the substrate better than that of the nucleophile. 


5 Е 
К---Х —>Nu—R+X 


can't be stabilized 
effectively with the 
solvent polarity 
After so many of these facts there is still something 


to say about the protic and aprotic solvents. 
p Ж s 


How?? 
О 
|1 
H-C-N 
Ме` 
Like this, ме т 
X “IN 
2С А Г 
WOW we Me O 
о 
Ме 
DMF is H—-C—NZ 
i N Me 


But, Nu will notbe trapped and its attack becomes 
facilitated. Moreover trapping of К* helps to 
release X` faster which in turn increases the rate 


of the reaction. 


DME. DMF 
a 
DMF” ^" DME 


relatively naked 

On the other hand, a protic solvent solvates 

both the cation and the anion and it traps the 

nucleophile. Hence, attack of the nucleophile 

gets retardated. Overall, the rate of the reaction is 

reduced, 

Thus, for S42, solvents should be polar aprotic 

like DMF, DMSO, DMPU, DMA 

where, DMPU = dimethyl propylene urea, 

ОМА = dimethyl acetamide. 

Non-polar solvents should not be used, why? 

Though solvent polarity slightly decreases the 

rate of S42 reaction but it is also found that polar 

(aprotic) solvent helps to stabilize К’ which has 

great influence in the rate of the reaction. This 

is why polar (aprotic) solvents should be used 

instead of non-polar solvents. 

Solvents that should not be used for 52 => 

polar protic solvents 

(d) Nature of leaving group: Fast the leaving group 

will leave, it will be easy for the nucleophile to take 

that place. For example, Г is a better leaving group 


than Е and here the order is Г > Br > CI >F. 
This is true for both S41 and S42. 

Use the following data: 

bond 26-1 < XC—Br< SC—Cl< 2С—Е 
energy: 55kcal/mol 70 kcal/mol 80 kcal/mol 110 kcal/mol 
Both in S41 and S42, expulsion of leaving group 
(LG) is involved in the rate determining step. 
Apart from tosylate, brosylate, nosylate, mesylate 
and triflate, other two very good leaving groups 
are: 

Nonaflate ion or Nonafluorobutane sulfonate ion 


a Il 
Q= ў — (СЕ)уСЕ; 


о 
Tresylate ion or 2,2,2-Trifluoroethane sulfonate ion 
[е] 
6-1. CH,CF, 
l 


In general, the leaving group capacity (opposite 
to basicity) is 

МН; <СН;07 «OH «PhO < МН; < СМ <Е < 

CI «Br «I. 

um 
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